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Preface 
Like every writer of a book that has experienced more emotions than enjoyment alone, I am 
obliged to right a preface So I can thank people, for the strangest reasons Before doing so, I 
would like to first look at my motivation for doing this PhD 
After my study in spatial planning in 2002 I had the impression that my intellectual river 
would suddenly tum to dust if I had to start working in the planning practice Thcrclore, 
during the heyday of my studies in spatial planning I started wondering what I could do lo 
keep the river running On the faculty website I noticed the possibility to follow a Masters 
degree I went to talk about this with my tutors Andreas Paludi and Barrie Needham, where I 
discovered that the website had been introductory Needham's advice was to look into the 
possibilities of becoming a PhD-student After a quick and in-depth consultation with my 
girlfriend Doménique (she was more convinced of my intellectual capacity than I was), I 
managed to convince myself that I could one day obtain a PhD Well, my looking into 
possibilities led me to the, in Nijmegen, 'new' professor Rob van der Heijden who informed 
me about a vacant PhD project on Intelligent Transport Systems and spatial development 
After reading the project proposal I discovered that the research aimed to link 'Technology', 
'Transport' and 'Spatial Development' It was particularly my interest in technology 
development and the spatial effects of transport planning that motivated me to apply for the 
job The rest is history 
As promised I would also like to thank people for a wide variety of reasons Some people 
should be placed in every category If your name is not in the list below I have forgotten 
about you today But I am sure I'll think of you tomorrow 
First of all I want to thank all the people I have worked with at the planning Institute 
in Nijmegen and from the BAMADAS programme in Delft I wish you all the best in your 
private lives and professional careers and hope to meet each of you again one day A special 
thanks also to the TBM department in Delft for their hospitality 
As every academic knows, the best "work" environment is at conterences or 
international workshops In this perspective I want to thank Edwin, Wouttie and Gabriele for 
their company during the AESOP workshops and conferences Especially the student's 
workshop in Amsterdam and the conference in Leuven in 2003 inspired me so much A 
special thanks to John Forrester for his inspiring discussions during the Amsterdam workshop 
and his detailed comments on my first-ever academic paper Of course I also had great laughs 
in Vienna (2005), especially with Edwin, Ronald, Margo, Gabriele and some people whose 
names I have forgotten It is a pity, but I was not able to go to the AESOP conference every 
year In 2004 I went to the WCTR conference in Istanbul with my friend Pascal Besides the 
conference and the inspinng discussion with researchers from India after my paper 
presentation, we also had a great holiday in and around Istanbul thanks to Ozlem In 2006 I 
presented my FADAS work in London together with Jan-Willem I really regret that we could 
not extrapolate our beer evening from London to Bejing but you probably managed to enjoy it 
without me My final international conference as a PhD-student was in 2007 in San Francisco 
at the AAG I found out that transport planning is still more planning than geography 
Anyway as Doménique and both her and my fathers joined me for an additional holiday we 
had a wonderful American, California expenence 
ν 
Besides these international conferences, smaller seminars and workshops in the 
Netherlands were inspiring and fun too Highlights were the CVS conference in Zeist with 
Edwin, where we won a paper prize and the RSA/NETHUR school in Groningen were I met 
Oswald Devisch and ended up in the worst pub ever 
As necessary as a good working environment as is described above, was of course good 
supervision and the debate with my peers on my work Helpful comments on earlier drafts of 
papers by Edwin Buitelaar, Enk Louw, Egbert Wever and Martin van der Velde are gratefully 
acknowledged Further I want to thank my colleagues from the BAMADAS programme 
(Geertje, Nina, Maura, Kihaan, Comehe and Meng and their supervisors) for their critical 
remarks and comments during the many BAMADAS sessions Closely involved in the first 
year of my PhD-project was Daan Drenth, who I want to thank for his support and sharing his 
extensive knowledge of the literature with me Since my third year of research I have profited 
from my colleague Ilona Bos, who became a sort of daily supervisor Thank you for your 
methodological support, professional attitude and the 24 hour availability' 
A special thanks also of course to my supervisors Rob van der Heijden and Vincent 
Marchau I have learned so much from you in the past years Most of all I will remember our 
once in a while one-day sessions in which we discussed my work, and the direction to 
proceed I will never forget Vincent's razor-blade sharpness for cutting in my work in 
combination with his sense of humour that always made us laugh I will also never forget 
Rob's analytical mindset, structured in drawings and diagrams through his hands on the white 
back of my paper pages I must have dozens of those by now Thank you for your dedication 
to my project, and your apparent enjoyment of working with me Thank you for supervising 
me" 
What everybody knows is that the output in the professional environment is for a large part 
dependent on your private life Especially when one is working on a big project like a PhD for 
which one person has permanent responsibility In that respect I want to thank all my friends 
for all the indoor and outdoor entertainment If I have only a single memory of Lowlands 
(always somebody to get my tent ready in advance), the several board game evemngs/mghts 
(viva la Junta'), Wednesday soccer practices, and the cycle tours around Nijmegen, my face 
gets a gnn from ear to ear Also I want to thank Domemque's parents, sister and grandparents 
for their great hospitality when I am in the deep south Further, I want to thank my father, 
Pietro, and my mother, Liesbeth, for shaping the right environment and maintaining a strict 
education policy during the first 19 years of my life Thank you for supporting me during my 
spatial planning studies in Nijmegen and cooking great Italian meals for Doménique and I 
over the last 9 years Besides that I also want to thank my sister Letizia and my brother 
Virgilio Thank you for being my sister and thank you for being my brother 
Last but certainly not least I want to thank my girlfriend, Doménique I really owe her 
a lot Nobody told me I would need a good psychologist when working on a PhD I found 
myself very lucky, Doménique always knows how to listen and what to say (or what not to 
say) Actually I do not need to thank you, Domemque, for that because you are just the type 
of mellow person to understand me during those moments Perhaps more thanks is needed for 
those moments you had to battle through when I was feeling down or stressed because of 
work, but did not feel like talking about it That was sometimes not so good, but for the most 
part we had so much fun I even like dances with rules now' And one day you might even 
beat me cycling up a hill' Thank you for loving me' 
Raffael Argiolu, Nijmegen September 2007 - Where I end and you begin (Radiohead) 
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Chapter 1 
Research context, goal and questions 
1.1 Introduction 
This chapter describes the background and the research questions of this dissertation The 
dissertation is about research on the spatial effects of Intelligent Transport Systems (ITS) The 
urgency for this research lies in the fact that there is a growing confidence that technological 
changes in transport will reframe traffic and mobility problems, transport policy and the 
impacts on spatial development Section 1 2 describes the background of this development 
and addresses the context in which the development of ITS is taking place Section 1 3 
focuses on ITS and shows which aspects of ITS need more research Section 1 4 links ITS to 
location choices and describes a resulting research agenda Section 1 5 describes the goal ol 
this research and specifies the research questions 
1.2 ITS: an emerging instrument for transport policy 
Modem societies are continuously faced with problems of mobility These problems relate 
to the environment, such as the use of space and pollution, traffic safety, and threatened 
accessibility due to congestion In the Netherlands, for example, the annual economic damage 
caused by congestion expressed as a waste of time is calculated at 0 2 billion euros for freight 
transport and 0 5 billion euros for passenger transport' (Advisory Council for Transport 
Public Works and Water, 2003) These figures are often used as an argument for greater 
investment in infrastructure Ongoing economic growth and the increased individualism of 
people has meant that many urbanized areas in western countries have doubled in size since 
World-War II This has led to a more dispersed pattern of activities which has encouraged 
even more mobility Western governments are trying to influence the mobility of people On 
the one hand governments aim to minimize pollution by implementing active land use 
policies and thereby minimizing the distances between activities (Schwanen et al, 2004), and 
by encouraging people to use public transport or to share cars On the other hand governments 
have built many new roads and public transport systems to provide the necessary 
1
 'Theie co5iv as a result of traffic jams caused by users can be seen as a financial value for the loss of time 
(Advisory Council for Tranbport Public Works, and Water, 2003 59 Translation from Dutch) 
I 
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infrastructure for the increased demand for mobility. Today, traffic has become safer, but the 
total pollution and congestion levels are still increasing. 
New possibilities to tackle mobility problems might be offered by the Information and 
Communication Technology (ICT) development since the eighties, which has also influenced 
the level of traffic and transport service. This new ICT results in car manufacturing with new 
intelligent devices, a wide range of new information devices to support travellers, and new 
traffic and transport management systems. The range of these applications is called Intelligent 
Transport Systems (ITS). ITS systems focus on driver and travel support, dynamic traffic 
management and logistical organisation (Bell, 2006). 
That some have great expectations from ITS technology is illustrated by the short 
story in Text box 1. It shows how an illustrative example of a theoretically integrated ITS 
concept appeals to human values. The story is based on a publication by the Dutch Ministry 
of Transport and Waterways (1987) about the year 2050. It is based on a vision of the future 
in which we can drive longer distances with clean engines whilst reading newspapers. This 
vision is driven by a great belief in the technological improvement of car driving based on 
ICT. This technological development, which we can already witness in our modem society, is 
interesting for many aspects of society. It is, for example, known that the whole evolution of 
settlement patterns and the internal structure of cities have always been closely associated 
with the prevailing transport technology (Feitelson & Salomon, 2000). Almost every period 
of development in modem history can be attributed to the location advantages offered by the 
incumbent technology. Terms like the 'railway age', the 'automobile city' or the 
'telecommunications age' are all well known for their immense impact on everyday life. With 
each technological leap people have become more mobile and the geographical distances have 
become easier to overcome. So, are we now about to enter an 'ITS age'? It would certainly be 
welcomed by many people: since the publication of the short story on automated highways in 
Text box 1, motorways have become more congested every year. 
Text box 1. An imaginary future 
Lei us imagine the year 2055 Pan European Integration is a fact My friends live in the Pans city region, Köln 
and Amsterdam. It is Dutch diner time· 18 00, Wednesday and grandchildren day. I have an appointment in 
Paris where I will meet some of my oldest fnends for our monthly fifty year old board-game-evening. When 
kissing my wife goodbye my Personal Intelligent Transport Assistant biceps. There is a ten kilometer traffic 
jam on the El5 around Liège The advice: consider the international automatic motorway E2 via Antwerp. 
While leaving the agglomeration of Amhem and Nijmegen in the east of the Netherlands, I need to switch my 
car from conventional driving to the inlemationjl automatic standards. While catching up with a platoon of 
cars in front of me, I decide this is the moment to stretch my legs and arms. Some lime later, while my car is 
refueling at ihe battery stalion, I look for a bottle of water and this week's newspaper in the shopping area. 
And I must not forget lo switch off the onboard computer. I hate all these uninvited people daring me for a 
game of chess. I start driving and reading One hour and some drowsiness later, my onboard computer keeps 
stalking me with the French route information. I will leave the automatic highway in thirty minutes. I am 
expected at Peter's around 20:00. 
ITS includes many electronic applications that support the surface transport and traffic of 
passengers and goods. Various types of organisations are involved in the development of ITS, 
including many different industrial companies. The primary objective of these organisations 
is to develop ITS in order to make the transport of people and goods more comfortable, 
efficient and/or safer. 
The main enabler of ITS is the rapid development of ICT since the nineties. Before 
that, concepts to improve the transport and traffic technology were mainly built on electronic 
devices. The use of electronic devices in traffic and transport, however, goes back more than 
one hundred years. An example is the introduction of traffic lights in the 1920s. Many years 
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later, in 1961, policymakers designed buses that were electronically guided. Other initiatives 
were taken by the motor industry, including General Motors who launched a prototype of the 
Firebird II and III in the fifties. The firebird II had a system, called the "Autoglide," which 
allowed the car to drive itself provided it was running on a specially constructed roadway 
fitted with a powered cable that guided the car along the way. This car was essentially the first 
road vehicle which did not require any steering guidance from its user. Later, these ideas 
would remain essential in the theoretical concept of Automated Highway Systems (AHS), in 
which cars can drive automatically on highways. The firebird III included the first Cruise 
Control device that now, improved significantly, is used in many cars. Figure 1 illustrates the 
high expectations from technology during that time. 
Figure 1. Man in hovering car 
In the early sixties the United States government initiated an ITS program to encourage the 
development of intelligence in transport. It was only in the nineties, under the influence of the 
ICT revolution, that policymakers, car industries, electronic device manufacturers as well as 
research institutes became commercially interested in the field. As a result of increasing 
research and development, the Intelligent Transportation Society of America (ITS America) 
was established in 1991 including the private sector, universities, governments and stake 
holding associations. In the same year ERTICO (now ERTICO-ITS Europe) the European 
organisation was established as an initiative of the European Commission. It included mainly 
car manufacturers and associated organisations and its goal was to coordinate research and 
development within the sector. In 1994, ITS Japan, then named VERTIS (The Vehicle, Road 
and Traffic Intelligence Society), was established as a response to the developments in the 
United States and Europe and, similar to its European and American sister societies, focused 
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on the development and deployment of ITS Later ITS organisations were established in many 
other countries With the growth of organisations the international knowledge exchange also 
increased The first ITS world conference was held in 1994 in Pans, the first ITS Europe 
conference in 2001 These conferences offer cross-disciplinary possibilities for car industries, 
device manufacturers, research and development institutes and scientists to exchange 
knowledge on multiple themes within ITS Further, during the mid nineties the ITS Journal 
was founded to provide an international scientific forum for publishing research results on 
ITS specifically in a peer-reviewed journal Currently, all over the world co-initiatives are 
occurring to speed up the development and deployment of ITS On the European level, many 
ITS projects are performed focusing on the impacts of and conditions for implementation 
The results are state-of-the-art documents, workshops and roadmaps 
Today, the ITS-society has become international and well established It is important 
to car, and device, manufacturers because it offers the possibility to present new features onto 
the car market ITS is also important for fleet managers and logistics organisations because 
they can manage their operations more efficiently This is also true for public transport 
organisations that work with bus services To governments it might fulfil, but also threaten, 
their policy goals And finally, to consumers it increases the travel and transport choices 
However, to understand the possible impact of ITS possibilities better, a more detailed view 
on different application areas together with their threats and opportunities is necessary 
1.3 The threats and opportunities of ITS 
ITS can be typified by three categories, which all apply to car driving as well as public 
transport systems that support the driving tasks (ADAS, Advanced Driver Assistance 
Systems), systems that provide information about travel choices (ATIS, Advanced Traveller 
Information Systems), and systems that improve the management of traffic and transport, 
(ATMS, Advanced Transport Management Systems) 
The first group of applications, ADAS, advise or intervene in the driving tasks 
indirectly by braking, steering and/or accelerating The interrelation between the basic devices 
to enable ADAS processes is explained by Hall (1995) and illustrated in Figure 2 The five 
devices are sensors, intelligence, memory, transmitters and actuators Sensors are devices 
that collect information by observing the direct environment of the vehicle, driving conditions 
and/or receiving messages from other vehicles, infrastructure or road operators Thereupon 
this information is processed to the intelligence, a device that formulates commands and/or 
messages based on the received data and stored knowledge in the memory The commands 
from the intelligence are transformed into actions by the actuator and transformed into 
relevant messages (e g to the driver) by the transmitter 
ADAS vary from informing drivers about their driving performance to warning 
devices that try to influence the driver's behaviour and finally systems that temporarily 
control some driving tasks The basic functionality of ADAS is longitudinal and lateral 
support Applications that have been developed are for example Lane Keeping, Intelligent 
Speed Adaptation (ISA) and Adaptive Cruise Control (ACC) The expectation is that in the 
future at least some ADAS applications will be used integrated in cars to alleviate the driving 
task 
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Figure 2. Devices of ADAS (Hall, 1995) 
The second group, ATIS, is used to make travelling more comfortable and reliable by 
providing information about congestion, alternative routes, filling stations, hotels, parking 
availability, public transport facilities, departure and arrival times, etcetera. ATIS are used 
both in car driving and in public transport. 
The third group, ATMS, mainly focuses on traffic flow performance and transport 
efficiency. Examples are ramp metering and Automatic Vehicle Location (AVL). Ramp 
metering regulates the entry of cars onto motorways by allowing one car per time interval, for 
example every three seconds. The system prevents instant demand which could lead to a 
network overload. AVL is a tracking and tracing system, which enables the continuous 
monitoring of a vehicle position within a road network (e.g. using GPS), enabling 
improvements in, for example, service scheduling and vehicle usage efficiency in public 
transport. The use of tracking and tracing systems makes fleet management more efficient and 
is therefore widely used by public transport companies and logistics organisations. 
To understand the interrelationship between different ITS applications and their impact 
on traffic, the transport system and mobility. Van der Heijden & Marchau (2002) present a 
market perspective, which is described in Table 1. They conceptualise the transport system by 
seven subsystems: four subsystems comprising the transport system's physical features 
(infrastructure, vehicles, goods or passengers and spatial and economic organisation) and 
three markets representing the interactions between the transport system's physical 
subsystems. The three markets are the transport need market, the transport market and the 
traffic market. Important is that all market and subsystems are interconnected, which means 
that any change in one is likely to affect another market or subsystem. Table 1 shows which 
market and/or physical features of the transport system ADAS, ATIS and ATMS are 
supposed to have impact on. The level and character of the impact is dependent on the 
technological development. From a theoretical point of view various ADAS, ATIS and 
ATMS applications or combinations of applications offer potential in terms of road network 
throughput of vehicles, safety and alleviation of negative effects on the environment. 
However, promises seem very dependent on the specific system described and the operating 
characteristics. Furthermore, especially the long term development of ITS in the vehicle 
market, for example ADAS, is uncertain. 
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Table 1. Market approach to ITS (derived from Van der Heijden & Marchau, 2002) 
Subsystem 
Organisation of 
society 
Transport need 
market 
Freight and 
passengers 
Transport service 
market 
Vehicles 
Traffic flow 
market 
Physical transport 
infrastructure 
ITS functionality 
Systems for facilitating 
virtual mobility 
ATIS 
Information supply on 
transport services; booking 
of services 
ATIS/ATMS 
Pre-trip planning support 
systems for logistic 
optimisation 
ADAS 
Smart motor technology 
driver support systems 
ATMS 
Dynamic traffic management 
systems 
ATMS 
Lane optimisation 
technology; infrastructure 
status control systems 
Possible ITS application 
New ITS concepts 
Electronic commerce; tele-working; 
tele-education 
Park and ride information; public 
transport services information; traffic 
information on radio or teletext; 
internet booking services 
(multi-modal) trip reservation; route 
planning systems; telecommunication 
for fleet management and operational 
control (tracking, tracing); trip 
matching systems (e.g. carpooling) 
Self-diagnostic engine control systems; 
crash recorders; reverse parking aid; 
navigation systems; adaptive 
cruise/speed control; 
lateral/longitudinal control; co-
operative driving 
Dynamic route information traffic 
information on radio; differentiated 
electronic payment; dynamic 
(directional) lane assignment; ramp 
metering; speed control; variable 
message sign; incident detection; aid 
co-ordination systems 
Dynamic lane configuration 
adaptation; surface measurement and 
deterioration detection 
Although the box of possible ITS applications is left blank for the level Organisation of 
society', an important lesson from the framework explained in Table 1 is that ITS might affect 
the organisation of society. Although this can be regarded as the most far reaching influence, 
it is not unimaginable, by definition of this framework. Let us for example imagine that an 
ITS concept evolves that cross cuts all of the markets set out in Table 1. Such a concept 
would be based on an interconnected system of infrastructure, a dynamic management 
system, specific vehicle technology, and travel information planning support systems. The 
concept described would change the way in which different urban areas are connected, 
thereby potentially influencing the societal organisation of land use. This brings us to the 
question of what the strength and the nature of this influence would be. 
The market approach mainly shows how interconnected the transport system is, both 
internally and externally. It also shows that ITS has serious opportunities to influence the 
transport system and its environment. A complication however to these possibilities and their 
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impacts are the uncertainties that surround the technological development of ITS This is 
explained in the four dimensions of Figure 3, which shows how technology relates to higher 
scaled dimensions in the sense of nested conditions, with each relationship having its own 
characteristic uncertainties 
4 (Spatial) Environment 
3 Traffic system 
2 Driving Behaviour 
1 ITS Technology 
Figure 3. ITS technology and its environment 
ad 1 Initially there is uncertainty about the technological developments of ITS This relates 
to the development stage, uncertainty about the effects and the corresponding 
implementation bamers There is a rapid development of many applications, and it is 
unlikely that all systems will survive the pioneering stage of product development Part ol 
product development is dependent on research in the supplying industries, for example in 
the case of sensor development Another part is dependent on the type of selection that 
will take place because of priority in use It is not likely that car drivers can 
simultaneously handle many ITS applications Furthermore, there is much uncertainly 
aboul the conditions for market implementation For example, tensions regarding the 
liability issues of ADAS still remain largely unsolved, emphasised in the first research 
steps into legislation and liability issues regarding ADAS (see e g Van Wees, 1999, Van 
der Heijden & Van Wees 2001, Van Wees, 2004) These liability issues focus on control 
and the necessary override ability of car drivers Finally, another uncertainly is the 
development of public policy (see e g Van der Pas et al, 2006) On the one hand western 
governments, like the USA, EU and Japan, encourage research programs and pilols lhal 
support the reduction of uncertainties at the afore-mentioned levels (ADASE 2, 2003) On 
the other hand it is clear that the implementation of more controlling ITS lor example an 
in-car speed regulation system, would probably need an unambiguous political 
commitment to become implemented 
ad 2 Secondly, besides the uncertainty of the development of ITS, there is also great 
uncertainty about the effects of different ITS on drivers and uncertainty about how well 
drivers will be able to adapt to the new technologies offered by ITS For example, there is 
uncertainty about the behaviour of drivers that use ADAS and other trallk participants 
that are encountered with cars equipped with ADAS (see Houtenbos et al 2005 
Dragutinovic et al, 2005) Furthermore, the simultaneous use of several ADAS in one car 
might confuse drivers 
ad 3 A third uncertainty lies in the relationship between ITS technology and the traffic 
system The effects of some ITS are far but 100% clear The OECD (2003) reports for 
example that ADAS in general could reduce the amount of road crash injuries in the 
European Union by 40% One could be critical of these numbers considering more 
differentiated ITS studies (see e g Golias et al, 2002a, Lu et al, 2005) Additionally, 
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some ITS might contribute to one policy but may obstruct another For example an 
Intelligent Speed Adaptation (ISA) device might improve the safety of car drivers (Regan 
et al, 2006, Jagtman et al, 2005), but can at the same time negatively influence the 
capacity of road infrastructure (Hoogendoom & Mmderhoud, 2001) From a traffic system 
perspective the success of ITS is very much dependent on the type of infrastructure Some 
ITS require a substantive change of infrastructure to support the success of the 
implementdlion (Lu et al, 2005) 
ad 4 A fourth uncertainty lies in the relationship between ITS technology and its spatial 
environment An important improvement of for example the traffic throughput by ITS in a 
certain lane, might improve the accessibility of the immediate area This might also be 
true if ITS can achieve a higher transport service by offering a more reliable transport 
mode It is however rather unclear what combinations of ITS might improve the transport 
service significantly Both examples might attract new activities to the immediate area 
resulting in, for example, higher land use prices. Such a process of attracting activities is 
possible at various, for example, local and regional levels 
A great deal of scientific research has been earned out at most levels of uncertainty, with the 
exception of the fourth uncertainty ITS influencing transport performance and therewith 
changing land use activity Research on this topic is scarce This might become problematic 
since especially transport infrastructure investments are long-term and are in many cases 
irreversible Furthermore, ITS are becoming an increasingly important factor in transport 
planning and society demands that the topic is fully researched In the next section we explore 
this topic in more detail 
1.4 ITS and land use 
An important question is how might future ITS concepts change land use9 The answer can be 
found in the complex relationship between land use and transport in general Although the 
general relationship is already hard to make explicit (Pnemus et al, 2001), many transport-
land use schemes focus on accessibility These schemes follow a particular line of reasoning: 
since the accessibility of activities is important to the mobility of people, any improvement in 
accessibility will make certain regions, areas and locations more attractive for working, living 
etcetera This relationship between accessibility and altered spatial choices is partially 
reflected by studies that indicate that accessibility plays an important role for firms (Louw, 
1996, Bruinsma & Rietveld, 2007) and people (Kim et al, 2005) when choosing locations 
From the perspective of ITS it is important that an ICT technology component is 
introduced into this reasoning Figure 4 illustrates a transport-land use scheme including a 
technological innovation for transport It shows the mutual demand for accessibility and the 
demand for space A demand for space requires spatial adaptation or spatial development, 
which is again under the influence of time-space compression due to transport planning 
Spatial development results in increased interaction between activities and an increased 
demand for accessibility The demand for accessibility is met by the planning and building of 
new infrastructure, transport service innovation and applications of technologies that improve 
transport and traffic performance This again leads towards an improvement of accessibility 
and demands for spatial adaptation According to Figure 4, spatial development is influenced 
by the development of ITS when it responds to the demand for accessibility by innovative 
transport services To significantly change land use patterns, ITS should really 'boost' 
accessibility 
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Spatial Adaptation 
I ) Decentralization 
2) Decentralized centralization 
(shopping centres and induslnal 
parks) 
1) Skyscrapers 
Demand for space 
(either land 
peripheral from the 
Spatial Adaptation 
centralized and 
specialization 
Figure 4. Extended model of the process of spatial re-organization and new technology 
(Derivedfrom Janelle, 1969) 
The crucial question resulting from Figure 4 is how ITS as a transport innovation might 
improve accessibility. If we define accessibility as the effort for people to travel from one 
place to another, the following aspects of mobility should be decreased and improved: 
1. Time spent 
2. Costs made 
3. Other factors, like reliability, stress, comfort and safety should be improved. 
If ITS is successful in decreasing travel time and costs and improving other factors like 
reliability and comfort, locations can become more accessible for people. An significant 
overall reduction in effort is possible and plausible with an innovation of transport: a 
combination of driver support, travel information and management systems, since each of 
these aims to significantly improve the performance of travelling. 
Grübler (1991) distinguishes basic innovations, and product innovations. Basic 
innovations are the result of the introduction of fundamentally new solutions (e.g. ICT in 
general). Product (or process) innovations are the result of incremental improvements in 
existing techniques and systems. To change the accessibility of locations ITS development 
needs a leap from the current implementation of many different technologies in many market 
segments (product innovation) to a situation in which combinations of complementary 
technologies form new transport concepts (basic innovation or system innovation (see e.g. 
Geels, 2005). The speed of this kind of innovation process is rather slow (Van Zuylen & 
Weber, 2002; Geels, 2002). Such a leap in ICT applications can be compared to the past 
introduction of new transport modes (e.g. trams), which was closely associated with enabling 
technologies (Grübler, 1991; Grübler & Nakicenovic, 1991; Geels, 2005). 
According to Banister (1994), knowledge and information will become instrumental in 
road transport innovations that are based on intelligent highways and intelligent cars. One 
strategy is to make car infrastructure more efficient by implementing transport management 
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schemes that increase the capacity of a given road network, and it is expected that technology 
through intelligent highways can continue that process (Banister, 1994, 2002) According to 
Banister (1994), road users will be affected both by traveller information systems, control 
systems in vehicles and more control over the transport network, including demand and traffic 
control systems This thought matches those arrows of Figure 4 indicating that ITS are likely 
to improve the accessibility of places, which will result in a new demand for space 
Eventually, it would result in altered land use choices of households and/or firms 
The potential relationship between ITS and land use changes has already been 
addressed in publications as an important theme for research (see eg Miller et al, 1997, 
Johnston & Rodier, 1999, Janelle & Gillespie, 2004) However, the number of publications 
based on empirical findings is small The few exceptions include Tayyaran & Kahn (2003) 
and Tayyaran et al (2003) A major conclusion of the latter. Stated Preference, study on 
residential location choice was that telecommuting and ITS measures were highly significant 
factors in residential location choice decision (Tayyaran et al, 2003) Telecommuting was 
tested as a variable, but ITS was not The conclusions concerning any positive influences of 
ITS were based on the fact that the estimated coefficient of travel time was negative This 
indicated that, everything else being equal, people would choose residential locations along 
transport systems that provide them with more reliable travel time to work According to 
Tayyaran et al (2003) this suggests that if ITS were applied to any part of the region which 
would reduce the variability of people's daily commute, the probability of choosing housing 
in that area would increase It is exactly the promise that ITS will reduce travel effort that 
indicates a possible causal relation between ITS and location preferences Based on this study 
Tayyaran & Khan (2003) conclude that a large scale implementation of ITS is likely to lead to 
a decentralized urban structure Further, they argue that the incorporation of information 
technology measures in a business location model would confirm the dispersal impacts of 
office location choice, as they did for the residential model Other studies that focus on the 
role of ITS related transport concepts m shaping the urban structures analyse, for example. 
Advanced Vehicle Control Systems (AVCS) based on magnetic lévitation (maglev) (see e g 
Lee, 2003) or Automated Highway Systems (AHS) (see e g Miller et al 1997) 
In conclusion the empirical exploration on the relationship between ITS and land use 
changes is very limited although the importance of its relationship is acknowledged in 
publications by several experts 
1.5 Research for ITS and office location choices 
From the perspective of the theoretical exploration in section 4, research on ITS and location 
choices is challenging However research on ITS and all forms of location choices seems too 
complicated for one dissertation One might for example focus on retail, housing sites and 
businesses locations in general From an explorative point of view it seems acceptable to 
focus on just one sector since in-depth analyses require a solid and straightforward theoretical 
and methodological framework From that perspective a focus on office locations is most 
promising, for three reasons the location preferences of offices is considered to be more 
influenced by accessibility than the two other sectors mentioned, the office market has the 
highest economic impact on city development, and it is a very mobile market (Louw, 1996) 
Therefore office locations are most likely to be first affected, compared to for example 
transport logistics organisations Since offices relate to the mobility of people, in the form of 
employees or clients in city regions, the ITS concepts used in this study will only focus on 
passenger transport in urbanized areas 
Few researchers have conducted academic empirical research on the topic of ITS and 
office locations For office keeping organisations the relevant ITS concepts have not been 
fully realised yet and changes in geographical patterns take many years It is therefore not 
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possible to carry out an analysis based on observed ITS-related concepts and office location 
choices This research will therefore focus on future - within 10 to 15 years - ITS-related 
transport concepts and preferences for office keeping organisations, thereby taking into 
account that a full scale implementation and potential changes in geographical patterns will 
occur further in the future The goal of this study is the conceptual and empirical modelling of 
the influence of future ITS concepts on office location preferences in urbanized areas. An 
important assumption in this context is that preferences for locations give a strong indication 
of actual choices for locations The main question of this research is, therefore 'How might 
ITS affect location preferences of office keeping organisations in urbanized areas? 
This main question includes many issues that have to be made operational before 
research is possible The following set of questions needs to be answered to answer the main 
question and to reach the stated research goal 
1 (a) What specific theoretical framework can be derived from the field of 
location theory to formulate hypotheses on ITS and location choice behaviour9 
(b) What methodological approach is then suitable to test the hypotheses ' 
2 (a) How can current knowledge on ITS development and the uncertainties he 
structured to specify plausible ITS concepts for the future} (b) What is the 
result of this analysis ? 
3 (a) How can the relationship between future ITS concepts and office location 
preferences be measured and modelled in depth ' (b) What is the result of this 
analysis? 
4 (a) How can the results of a model of preferences be validated·' (b) What is the 
result of this analysis ? 
Chapter 2 will focus on the conceptual framework It desenbes the main research elements 
(office location preferences, accessibility and ITS) and a theoretical causal relationship It also 
proposes more detailed methods and techniques to research the main hypotheses 
Chapter 3 desenbes the approach and the performance ol a study aimed at 
conceptualizing several ITS related transport concepts that might appeal to organisations 
because of the assumed benefits for accessibility 
Chapter 4 desenbes the set up of a preference modelling study in which the derived 
ITS concepts are presented to office keeping organisations 
Chapter 5 presents the preference study plus the calibration of the models In this 
chapter the main hypotheses are tested 
Chapter 6 desenbes an external validity study in which the predictive power of the 
models of the preference study is tested 
Chapter 7 draws conclusions about the main research question and explores to what 
extent the goal of the study is achieved 
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Chapter 2 
Theoretical framework and methodology 
2.1 Introduction 
This chapter describes the theoretical framework for the research on ITS and its effect 
on office locations by pinpointing the main research variables and exploring how to measure, 
to relate and to validate these variables The underlying structure for this chapter, presented in 
Figure 5, follows the basic line of reasoning for ITS and accessibility Figure 4 has already 
shown that location preferences are influenced by the level of accessibility, a relationship that 
has often been discussed (see e g Vickerman et al, 1999, Meurs & Haaijer, 2001, Banister, 
2002, Bruinsma & Rietveld, 2007) Evidently, there are more location factors influencing 
location choices 
Section 2 2 describes the first element of Figure 5 a model of the location behaviour 
of office keeping organisations Section 2 3 analyses the importance of accessibility in 
location behaviour and offers an organisation typology based on location preferences and 
types of accessibility Section 2 4 makes accessibility more operational for this research by 
distinguishing accessibility indicators that might be influenced by ITS application categories 
Section 2 5 describes an overview of the three main application categories of ITS (ADAS, 
ATIS and ATMS) in relation to the accessibility indicators Section 2 6 sets out a 
methodological framework to conduct the main research steps and section 2 7 concludes the 
chapter 
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Figure 5. Structure for chapter 2 
2.2 Location theory: four approaches 
The motives behind where office keeping organisations choose to be located (or relocated) 
have been the subject of scientific study for approximately two hundred years and have been 
described by so-called (re)location theories (see e.g. Fujita & Krugman, 2004). Pellenbarg et 
al. (2002) distinguish three approaches to (re)location (see above) theories that can be seen as 
a result of shifts in research generations: the neo-classical, the behavioural, and the 
institutional approach. A fourth theory could also be added, namely: the 'classic' theories. 
These older 'classic' theories, as described by Von Thiinen (1826) and Weber (1906) , 
presumed that landlords (in the case of Von Thiinen) and industrial companies (in the case of 
Weber) behaved as a 'homo economicus', typically charactensed as focussed on maximising 
profit. Transport costs were considered as a very important variable in this maximization. 
Later, these classic theories were elaborated by neo-classic location theories, with several 
changes in the assumptions, for instance from perfect to imperfect competition (see e.g. 
Hoteling, 1929). Despite the differences, both classic and neo-classic theories considered 
transport costs as an important choice factor for relocation processes. 
The emphasis moved away from costs and profit when the so-called 'behaviourists' 
introduced the notion of the 'homo psychologicus' (see e.g. Simon, 1957; 1960). People were 
now assumed to behave as 'satisficers', instead of 'optimisers'. The notion of 'bounded 
rationality' was introduced, which changed the way in which firms were believed to behave. 
It was expected that firms and non profit organisations would accept certain limitations in 
location choices, regarding for example limited information (Lambooy et al., 1997). 
Besides the former three approaches, institutional approaches also consider the social 
and cultural context in which location behaviour in general is embedded (see e.g. Louw, 
1996). The approach is based on the idea that office keeping organisations have to negotiate 
Von Thunen presenled a theory in which an agncullural business man, who strives for maximization of his 
profits (W), must realise an optimal difference between the given markel price (VM) and ihe sum of production 
(P) and Iransport costs (T) In formula- W=VM - (P+T) 
Webers' theory (1909) focussed on Ihe location of induslnal businesses. Therefore, he addressed different 
localion factors lo Von Thunen (sec Von Thunen, 1826) He called those factors 'standortfaktoren'. Webers' 
theory agucd that minimization of the Iransport costs tor raw materials (which are sue specific, ihe 'Lokalisiertes 
Mjienal' ) was the impelus for business location He also addressed the importance of labour costs ( 1909). 
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with deliverers and suppliers, local, regional or national governments, labour unions and other 
institutions, about prices, wages, taxes, subsidies and infrastructure Location behaviour is 
considered to result from these negotiations (Pellenbarg et al, 2002) 
Figure 6 (Elgar & Miller, 2006) shows a conceptual framework of an office relocation 
process (for more in depth studies on office relocation processes see e g Louw, 1996, Pen, 
2002) It is based on a behaviounstic approach m which the institutional approach is 
considered only as a context Important starting points for a relocation process are so-called 
pull and push stresses4 (Van Dijk & Pellenbarg, 2000) Pull-stresses are factors that attract a 
firm to a new location An example is an ideal accessibility in the new situation Push-stresses 
are reasons to leave a location An example is the lack of educated personnel 11 an office can 
not alleviate these pull and push stresses, for example if an office is lacking space and there 
are no possibilities to build extra space, it will reconsider its office location and investigate 
new locations Subsequently, offices define a set ol 'minimum cntena' and 'main issues' 
(Elgar & Miller, 2006) The minimum criteria are a set of thresholds, for example a price 
level, underneath (or above) which a firm is not willing to pay The main issues are a second 
set of location specific characteristics that the firm would like to maximize, for example 
accessibility by train Both the considerations on minimum cntena and main issues and the 
specification of the search areas are influenced by the nature ot the motives that led to the 
beginning of the search (Elgar & Miller, 2006) If these motives were for example mainly 
accessibility related, this will probably become a minimum cntenon in the location search 
During the search, information about locations that meet at least the minimum criteria 
thresholds will accumulate This information accumulation can lead to either the decision to 
stop the search, for example after concluding that no location is suitable, or the change of the 
minimum cntena, or a change of focus on the search area But this information accumulation 
could also lead to a more flexible interpretation of the minimum criteria if several locations 
meet them In that situation only the better locations are considered In the viewing of 
locations and the consecutive accumulation of information, different location issues and 
thresholds are traded off against each other, resulting in the most satisfactory location In the 
end this might lead to the decision to bid for a location which might lead to relocation The 
final stages of office relocation processes are characterised by negotiations about pnces of 
location and parking space (Louw, 1996) Figure 6 is an illustration of a basic framework in 
this research for the assumed behaviour of olfice keeping organisations when choosing 
locations 
4
 Van Dijk & Pellenbarg (2000 195) also diMmguish a third factor the keep factor reasons to stay at the present 
location 
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Figure 6. Model of a firm location decision making process (derivedfrom Elgar & Miller, 
2006) 
2.3 Accessibility and relocation 
Various studies indicate that a main issue in the relocation process is the accessibility of the 
new location (see e.g. Bruinsma & Rietveld, 2007). This might for example lead to a location 
that is much closer to a motorway then the old location is. To understand the theoretical 
framework in which ITS can influence relocation processes via accessibility, it is first 
important to explore the level of influence of accessibility on relocation, for example 
compared to other location factors. Secondly it is important to describe the specific 
accessibility preferences in relation to the organisation type, for example an organisation's 
preference for either a connection to a public transport system (train) or road infrastructure 
(De Bok & Sanders, 2005). 
In general there is no clear view on the relative importance of accessibility in 
relocation processes. Lukkes et al. (1987) for example described accessibility as one of the 
four factors of increasing importance. The other three were representation, proximity of 
clients and the quality of the building in comparison with the price. Later, Atzema & Wever 
(1994) concluded that the lack of good accessibility is an important ρκί/î-motive for 
companies. Further, accessibility is regarded as the most important pw/Z-factor, which 
included proximity to clients, suppliers, local unlocking and parking lots. Louw (1996) and 
Pen (2002) both found location factors of equal importance: representation, accessibility by 
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car and train, parking availability, the availability of qualified personnel and the proximity to 
clients and customers It is further argued that, because of the many investments that have 
been made in private and public transport infrastructure in the past decades, the relative 
importance of accessibility compared to other location factors is decreasing (see e g Louw, 
1996 and Pen, 2002) Bok & Sanders (2005) found that the accessibility of locations is mainly 
indicated by the distance to physical transport infrastructure such as a motorway exit and/or a 
train station Accessibility to the labour market and customers was not confirmed as being an 
important factor Thus, although there is critique on the fact that the influence of accessibility 
is sometimes overestimated, it is plausible to assume that accessibility is an important 
location factor (Veeneman & Van der Heijden, 1996, Van Dijk & Pellenbarg, 2000, Targa et 
al, 2006, Bruinsma & Rietveld, 2007) 
Furthermore, different organisations put different values on different types of 
accessibility Table 2 shows a distinction between office keeping organisations in terms of 
accessibility preference, which is closely related to the geographical position of the office 
Table 2, which is based on an overview described by Louw (1996), is a typology based on 
this distinction According to this table Stationeries' are considered to be more interested in 
public transport facilities than for instance 'modals' are Companies that focus on offices that 
have a high level of representation and aesthetics are regarded as 'visuals' 'Ambulatoneτ ' are 
mainly interested in good car accessibility as their clients are spread over the region 
Embassies, account offices and universities can be seen as 'classiciits' They prefer 
settlements charactensed by historical and dignified milieus, which mostly lie in older parts 
of cities irrespective of the fact that these are sometimes less accessible by car 
Besides the typology which is shown in Table 2, it is also argued that an 
organisation's specific branch (economic sector), their size and their current office type and 
environment might be important features in assigning different values to different types of 
accessibility It is argued that profit-making organisations prefer more central locations 
(Daniels, 1975) (in the Netherlands this is considered to be with good motorway and train 
accessibility) whereas non-profit organisations are pnmanly interested in being accessible to 
the public by the proximity of good public transport facilities And although Bruinsma & 
Rietveld (2007) found no significant difference for location factors between large and small 
companies it can be hypothesised that larger companies prefer more modern office locations 
over locations with old mansions because old mansions are mostly too small to accommodate 
a large amount of employees Finally, it is argued that the accessibility features of the current 
office type and environment positively influence the preference for the same specific 
accessibility features (Bruinsma & Rietveld, 2007) This is called locational self-preference 
(Meester & Pellenbarg, 2006) For example, if an organisation is presently located far from a 
train station it will also attach less value to the proximity of a train station when expressing 
their preference for a future accessibility type 
5
 The table is based on research performed by the Dutch real estate company DTZ Zadelhoff 
18 Office location choice behaviour and Intelligent Transport Systems 
Table 2. Location preference of different companies (dem ed from Louw 1996) 
General office location preferences 
'Stationeries' Organisations with a strong preference for locations near public 
transport facilities Other important factors are working conditions, 
such as a nice atmosphere, flexibility within the interior design and 
organization of the building and accessibility of the entrance 
Representation is of less importance This group consists of 
governmental and non-profit making organisations 
'Modals' 'Modals' need buildings with standard facilities Accessibility by car 
and the presence of parking lots are important There is no need for a 
representative building, and the proximity of public transport is even 
less important, whereas the rent price should be as low as possible 
Core activities of this group are mainly non-office companies like 
industries, trade companies and transport organisations 
'Visuals' 'Visuals' consider representation and aesthetics to be very important 
Furthermore, the company name or logo needs a prominent position on 
the outer wall The image of the building has to be congruent with its 
own product 'Visuals' are willing to pay relatively high rents 
Commercial organisations, service businesses, banks and insurance 
companies are considered as visuals 
'Ambulatories' The most important location factor for ambulatories is accessibility by 
car This group provides its services predominantly outside the 
building, with the building as the base Representation is of less 
importance as most of the clients are spread throughout the country 
Ambulatories are mostly smaller businesses (less than 20 employees) in 
the services sector banks and insurance businesses 
'Classicists' These users prefer settlements charactensed by historical and dignified 
milieus They opt for traditional buildings They settle in city centres 
and accept less accessibility by car This group consists of law office 
keeping organisations, accountant offices, notanes, brokerages and 
some governmental institutes, like embassies, for which representation 
is less important 
To summarise, the role of accessibility in office location choices is significant, 
although it can be assumed that the precise meaning of accessibility depends on the different 
office types and an organisation's features 
2.4 Accessibility and ITS 
ITS could influence location preferences by influencing the accessibility of locations ITS 
refers to a whole series of technological applications, potentially improving several parts of 
the transport and traffic market, rather than to one specific transport mode, like subways, light 
rail or motorways for car driving, so it is important to focus on the many elements that 
constitute the notion of accessibility The potential causal relationships between ITS 
application categories and accessibility improvement can then be explored 
An important underlying assumption is that when office keeping organisations 
relocate they have a perception of the accessibility of a location This perception is generally 
based on two factors Firstly, the physical distance between the office location and different 
transport modes, for example, how tar is the office location from the nearest train station or 
motorway exit17 Secondly, it is based on the quality or service level of the transport mode in 
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question. The first factor is mainly influenced by land use and spatial planning. ITS can 
potentially improve the second factor. 
Measuring accessibility in terms of the quality or service level of the specific transport 
mode can be regarded as an infrastructure based approach to accessibility. Geurs & Van Wee 
(2004) describe it as the observed or simulated performance or service level of transport 
infrastructure, such as 'level of congestion' and 'average travel speed on the road network'. 
The infrastructure-based approach to accessibility is based on so-called resistance factors. 
These are evaluation variables important for passengers using a transport service. 
Table 3 shows three resistance factors for travellers for both car driving and public 
transport. The movement resistance a traveller meets is divided into time, costs and effort 
(Geurs & Ritsema van Eck, 2001). The less resistance (time, cost and effort) a passenger 
encounters while travelling, the better the accessibility of the destination. The relative 
importance of these elements is very much dependent on the transport mode and type of 
travel. For example a commuter is bound to have much daily travel experience and is 
therefore well aware of the congestion on his way to work, the physical effort, the costs 
etcetera, whereas a recreational driver might be confronted with many more uncertainties. 
These could be time consuming and result in more stress. 
The three resistance factors require further explanation. The time that is spent for 
travelling is narrowed down to the different stages of the journey. One has to walk to a 
parking place, spend time driving, perhaps extra time if the roads are congested, find a 
parking place and eventually walk to the destination. The second resistance factor is the trip 
costs. These include fixed costs related to car ownership, including purchase value, taxes and 
insurance, fuel costs, the fare for parking the car and perhaps road pricing or toll. The third 
factor concerns the effort it takes to travel. On the one hand there is physical effort and on the 
other hand the level of comfort, the stress and also the social status a person is deriving from 
travelling by car or public transport. An element that is becoming increasingly important is 
the reliability of travelling. This reliability is mainly connected to the type of information 
provision. Are public transport services sticking to the time table? Is there any delay during 
the trip? How is information about the delay communicated to passengers? 
Table 3. Resistance factors in transport (derived from Geurs und Ritsema van Eck, 2001) 
Time 
Costs 
Effort 
Car driving 
' Walking to car 
Free-flow travel time 
Delay due to congestion 
Looking for a parking place 
Walking to destination 
Fixed costs, maintenance costs, toll, 
! parking costs, etcetera. 
Reliability 
Level of comfort 
Physical effort of driving 
Stress 
Risk of accidents 
Status 
Public Transport 
Hidden waiting time 
Travel time before and after trip 
Waiting lime at stop/station 
In-vehicle travel time 
Time for mode changing 
Public transport fare 
Reliability 
Level of comfort 
Physical effort 
Stress 
Risk of accidents 
Social safety (perception) 
Status 
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To gain more detail about the influence of ITS on location preferences through accessibility, a 
more thorough exploration of the possible causal influences of specified ITS systems on the 
three resistance factors is needed Such an exploration is described in section 2 5, and is based 
on the distinction between vehicle driving support (ADAS), travel choice support (ATIS) and 
traffic flow management (ATMS) for car driving and public transport It should be noted that 
while the different ITS categones sometimes serve multiple goals (for example improving 
safety, throughput in traffic and comfort) the exploration in section 2 5 focuses solely on the 
potential of ITS categories to improve accessibility 
2.5 Possible causal influences of ITS on accessibility resistance factors 
To explore the possible causal influence of ITS on resistance factors that are important to 
accessibility the two main indicators of Table 3 are used effort and time An exploration of 
the relationship between costs and ITS is too complicated and is only briefly described in 
section 2 5 4 The exploration is based on the potential of the ITS systems to decrease the 
resistance factor of time and to decrease the effort that is needed to travel The exploration is 
based on research publications and provides more detail about time gains than effort due to 
the greater number of available research publications for ITS in combination with the 
resistance factor time 
First, the exploration of the effect of ITS on effort is described briefly both for car 
driving and for public transport in sub-section 2 5 1 The contribution of the different ITS to 
time gains is then explored An important distinction in the exploration on time gains is that it 
is performed in two more sub-steps a) first the contribution of vehicle driving support, travel 
choice support and traffic flow management to car driving (2 5 2), and secondly b) to public 
transport buses (2 5 3) Sub-section 2 5 4 draws some conclusions from the exploration 
2.5.1 The potential of ITS to decrease effort 
In general, it can be assumed that, for vehicle driving support, the use of ITS contributes to a 
decrease in effort The primary motive for companies that develop ITS devices is to sell these 
devices to car drivers to support vehicle driving and decrease the effort that is needed to drive 
Travel choice support provides information to support the car dnver/passenger during 
his travel Examples of devices for car driving are Route Navigation systems like TMC (in-
car) and Variable Message Signs (VMS) (on road) A travel choice support for public 
transport is the Personal Intelligent Travel Assistant (PITA), which is still in a developmental 
stage (Chorus et al, 2006a) The latter consists of a GSM system that gives real-time route 
information on the arrival and departure of different public transport systems If there is a 
delay information about alternatives can be provided The information mainly includes four 
categories Firstly, information enhancing route planning, being static or dynamic Secondly, 
information can be provided about traffic conditions, such as congestion or bad weather 
Thirdly, information can be provided about facilities during the tnp, such as filling stations, 
motorway restaurants and chill zones Fourthly, information can be provided about the 
destination, such as parking space, hotels or event broadcasting The provision of information 
to car drivers and public transport passengers has great potential to alleviate stress and to 
increase the reliability of transport According to Chorus et al (2006b) the travel demand 
literature has provided evidence that a traveller's perception of the characteristics of the travel 
alternatives can differ greatly from the actual values of these characteristics This suggests 
that information provision is especially valuable for alleviating a traveller's level of stress and 
improves the reliability of the mode and/or route choices Levinson (2003) concludes that 
travel choice support also reduces the vanance in the travel time, making private car driving 
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more reliable but can also cause more stress and effort when drivers need to change routes 
suddenly 
The effect of traffic flow management on the resistance factor effort is indirect Its 
main purpose is to manage traffic more efficiently and effectively An indirect result from that 
might be that transport becomes more reliable and relieves the stress 
2.5.2 The potential of ITS to decrease car driving time 
Vehicle driving support 
When explonng the potential of vehicle driving support to reduce the resistance factor of 
time, the difference between vehicle driving support systems that give longitudinal and those 
that give lateral support must be considered A full scale implementation of cars with 
longitudinal control would have the potential to increase the throughput on motorways 
(Hoogendoom & Minderhoud, 2001, Golias et al 2002b) The traffic flow could also be 
improved through the wide implementation of lateral support alone, such as dynamic lane 
assignment and Lane Keeping, but because the flow is less disturbed, it is less interesting in 
terms of accessibility However, when it is combined with longitudinal control in more 
automated vanants of ITS concepts, as will be explained below, it becomes more interesting 
in terms of accessibility due to the time gains 
A longitudinal vehicle driving support that is already available on the market is 
Adaptive Cruise Control (ACC) ACC allows a driver to set a desired speed as in normal 
cruise control, if a vehicle immediately ahead is moving at a slower speed, then throttle and 
braking of the host vehicle is controlled to match the speed of the slower vehicle at a dnver-
selectable time headway, or gap The desired speed is automatically retained when the 
roadway ahead is unobstructed, either from the slower vehicle ahead leaving the lane or the 
driver of the host vehicle changing to a clear lane (Bishop, 2005) The throughput of the 
network could benefit from widespread use of this system as it provides smoother traffic 
flows and closer headways, resulting in more cars on the same motorway, although if drivers 
choose larger speed headway gaps it could reduce motorway capacity (Zheng & McDonald, 
2005) The speed headway gaps could be controlled by the introduction of, for example, 
Cooperative ACC (C-ACC) C-ACC receives both speed commands from local traffic 
operations centres and information from other vehicles, including the vehicle that is being 
tracked In this way tighter headways can be controlled and greater traffic flow benefits can 
be gained without sacnficing safety The communication link would also give drivers greater 
confidence in the system when travelling at a relatively close distance (Bishop, 2005) A 
second possibility to control headway gaps is to introduce Platooning The key difference 
here is that all the vehicles are aware of the state of all the other vehicles in the platoon, 
whereas in C-ACC information is only received from the preceding vehicle Platooning 
concepts need a dedicated lane to deliver significant improvements in traffic flow According 
to calculations from Clement et al (2004) Platooning could increase road capacity by 150%, 
including the whole acceleration phase, and is believed to increase safety and comfort and to 
contribute to congestion relief more than any other vehicle driving support system (Stardust, 
2001) However the benefits very much depend on the specific operational characteristics 
According to Hall & Chin (2005) for example, to maximize the motorway throughput it is 
desirable to create platoons that are large in size, and that remain intact over longer distances 
Sorting vehicles by destination at the entrance is one way of accomplishing this Michael et 
al (1998) show that gains are very hard to calculate and are dependent on future braking 
technology and very sophisticated vehicle-to-vehicle technology In addition, research on 
human factors shows that large difficulties can be expected when dnvers need to rely on high 
speeds and small time-headway gaps (Levitan et al, 1998) 
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A vehicle driving support that is especially designed to increase the throughput of 
traffic in congested areas is low speed ACC (stop-and-go ACC) or the so-called Congestion 
Assistant that is expected to improve traffic efficiency (Van Dnel et al, 2006) It is 
considered as an evolution of the ACC functionality, which operates in slow, congested traffic 
and follows the car immediately ahead When the traffic clears and speeds return to normal, 
conventional ACC would be used (Bishop, 2005) Test-users considered it a valuable system 
and were more positive after using it than before (Van Dnel et al, 2006) 
Secondly, vehicle driving support systems can improve the reliability of the time 
consumption of transport Many of the vehicle driving support systems are sold by 
commercial organisations Therefore, an important goal of vehicle driving support is that 
these systems make traffic more comfortable by alleviating a driver's workload Further, 
some vehicle driving support systems are specifically designed to reduce accidents An 
example of such vehicle driving support is Intelligent Speed Adaptation (ISA) (Vlassenroot 
et al, 2007) ISA is an in-car system that assists or controls a vehicle's speed limit and is 
considered to be promising for use in built-up areas (Vârhelyi & Makinen, 2001) It also has 
great safety potential on rural roads, but it might frustrate the driver when traffic volumes are 
low (Vârhelyi & Makinen, 2001) If a car is equipped with ISA and enters, for instance, an 80 
km/h road, the car slows down and adjusts its speed to what is permitted, either by getting a 
signal from infrastructural devices or by using the digital map in the vehicle on which 
maximum posted speeds have been pre-programmed It is considered that there would be 
great safety potentials if ISA was widely used (Regan et al, 2006) ISA development is 
occumng primarily in Europe (Bishop, 2005) and is believed by some to positively influence 
the comfort level and to a lesser extent the safety of the driver (Stardust, 2001) Carsten et al 
(2000) expect a 59% reduction in fatal accidents from speed limiters A control version of 
ISA is an illustrative vehicle driving support that is mainly designed for safety purposes 
Other vehicle driving support systems mainly benefit the comfort and physical effort of 
driving 
Travel choice support 
Besides vehicle driving support systems, travel choice support systems also have the potential 
to decrease the time spent in travelling Emmennk et al (1995) conducted research on travel 
information provision in road transport in congested areas Their conclusion was that pre trip 
information is beneficial to all drivers if the level of market penetration does not exceed 
twenty percent In that case the drivers with information would benefit most If real-time and 
route information is provided, there are benefits to all drivers for most levels of market 
penetration, although it must be said that with high levels of market penetration the average 
network travel time savings are between three and five percent compared to when there is no 
information (Emmennk et al, 1995) 
Adler (2001) used a driver simulator to test the influence of route guidance and traffic 
advisories on route choice behaviour Adler concludes that there may be significant short-
term advantages in providing in-vehicle routing and navigation information to unfamiliar 
drivers but the results also indicate that the format and amount of information provided will 
not provide significant effects as the benefits to having route guidance diminish when drivers 
become more familiar with the travel network (Adler, 2001) 
Golias et al (2002a) evaluated Navigation Routing, Integrated Navigation and Real 
Time traffic and traveller information for their impact on both road safety and traffic 
efficiency For their study they used expert judgements To indicate traffic efficiency they 
assessed the speed adjustment and the headway adjustment Their distinction of whether the 
system is contributing to one of the two is dichotomous the contribution is either high or low 
6
 ISA is also known as External Vehicle Speed Control (EVSC) (Bishop 2005) 
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The conclusion of their study is that only the real time traffic and traveller information is 
really contributing to the speed adjustments The other two systems fail to contribute to either 
speed adjustment or headway adjustment positively (Golias et al, 2002a) Boyle and 
Mannenng (2004) used a driving simulator to test speed behaviour under four advisory-
information conditions in-vehicle messages, out-of-vehicle messages, both types ol messages 
combined, and no messages The findings of their study show that over longer roadway 
segments there was no significant difference in the mean speed and the standard deviation ol 
the speed (Boyle & Mannenng, 2004) Levinson (2003) concludes that when traffic intensity 
is much lower than capacity and in the absence of incidents, dynamic route guidance has few 
opportunities to save time, while for super-saturated conditions, uncongested alternatives may 
not be available either The greatest time-savings for travel choice support systems are with 
non-recumng congestion, incidents that cannot be easily anticipated (Levinson, 2003) 
Toledo & Beinhaker (2006) also evaluate the potential benefits of travel choice 
support systems They show that travel choice support systems offer potential travel time 
savings of up to 14% compared to static information (which represents current practice in 
many in-vehicle route guidance services) Furthermore, they show that travel time variability 
can be reduced up to 50% In the most comprehensive form en route inlormation provision 
required two-way communication between a traffic control centre and an in-vehicle unit, and 
the capability to track the location of the vehicle Furthermore, there were cases that the route 
guidance was counterproductive Up to 25% of tnps may take longer if drivers act on the 
information they receive (Toledo & Beinhaker, 2006) An important assumption ol their study 
was that the response to information did not affect traffic conditions, which implied that 
individual gains decrease as the market share grows 
Traffic flow management 
A third category of ITS systems that can reduce travel time is traffic flow management 
Traffic flow management mainly focuses on improving operational transport and traffic 
management by communication between vehicles and infrastructure The primary modes of 
communication that support traffic flow management can be distinguished as lollows 
(Bishop, 2005) 
• Vehicle to/from roadside requires the use of roadside transponders and supports both 
vehicle-specific data as well as locally relevant data broadcast to vehicles 
• Vehicle to/from external entity (not at roadside) using commercial wireless 
communications media to a central entity or the Internet via cellulat or satellite based data 
services 
• Vehicle to vehicle Via ad hoc networking or command/response protocols V-V modes 
include in-line communications with vehicles in the same lane or communications with 
any neighbounng vehicles (including those travelling in the opposite direction) Both 
point-to-point and broadcast may be employed 
One approach to traffic flow improvement is Vehicle Flow Management (VFM), in which 
vehicles are responsive to speed advisories transmitted by a central traffic management 
centre The speed advisones would be calculated based on real-time traffic conditions and 
predictive modelling aimed at smoothing and improving traffic flow An example of VFM is 
C-ACC, and secondly an implementation that would rely upon the continuous information 
exchange by all vehicles in the traffic stream, such that the vehicles collectively achieve an 
optimum flow through distributed computing and individual adjustments (Bishop, 2005) 
A vanant on vehicle flow management which does not use a central traffic 
management centre is the Traffic-Responsive Adaptation (TRA) These applications locus on 
ways to improve individual vehicle systems' responses to various types of tralfic (e g 
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congestion), without assistance from roadway systems to one another. A second type of 
vehicle flow management is Traffic Jam Dissipation (TJD). Typically, when the end of a 
traffic jam is encountered, drivers are slow to recognize that the way ahead is clearing. In the 
traffic jam dissipation, vehicle systems sense this "accelerate to normal speed" condition 
immediately and assist the driver to accelerate efficiently, thus facilitating a quicker 
dissipation of the traffic congestion. Because the duration of a traffic jam is highly dependent 
on the aggregate effects of individual driver actions, such small improvements can make a big 
difference in the overall performance of the traffic system. Similar functionality, provided by 
the system for starting off at traffic lights, is the Start-Up assist (SU) (Bishop, 2005). 
Resume: ITS potentials for travel time reduction in car driving 
Table 4 shows the main potentials of ITS to alleviate the resistance factor time for car drivers. 
Especially in the case of the travel choice support systems, the categories (and systems) 
function as stand alone systems. However, much of the ITS potential is based on the idea that 
one category, for example vehicle driving support, is complemented by a travel choice and/or 
traffic flow system. The assumption is that effects on time gains are mutually interacting. The 
conclusion from this exploration is that the highest benefits in terms of time gains are reached 
when ITS is integrated at different market levels, for example vehicles that have in-car 
systems, use information devices that are supplied with information by traffic control centres 
and communicate with other vehicles. Examples of such concepts are Platooning and C-ACC. 
Table 4 also shows that because no potential is highlighted for ITS in the resistance 
factor 'Walking time to parking place' and 'Walking time to destination' these indicators 
from Table 3 are not included in Table 4. They are believed to have a much lower 
contribution to time gains for car driving than the two factors that are included in Table 4. 
Furthermore, it is assumed that ITS has no direct effect on walking. The factor 'looking for a 
parking place' is not explored in the research findings but might theoretically be relieved by 
travel choice support systems that give real time parking place information. 
Table 4. ITS potential to relieve resistance factor time for car driving 
Resistance Factor Time 
Free-flow travel time 
Delay due to congestion 
ITS potential 
Vehicle driving Travel choice Traffic flow 
support support management 
Platooning Dynamic en-route Vehicle flow 
C-ACC navigation management 
Low speed ACC Dynamic en-route Vehicle flow 
navigation management 
2.5.3 The potential of ITS to decrease time in public transport buses 
Vehicle driving support 
The potential effect of vehicle driving support for public transport does not directly affect 
passengers since it supports the vehicle driver (e.g. bus driver) and therefore the passenger 
only indirectly. However, public transport passengers might profit from time savings and an 
increased reliability due to vehicle driving support implementation. 
A first potential is by using speed regulation systems. These systems provide a control 
over driving behaviour (such as acceleration and/or average speed) resulting in a 
standardisation of time and tighter scheduling, especially when dedicated lanes are used and 
no other traffic is involved (see e.g. Van der Heijden et al. 2006). 
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A lateral vehicle driving support system that could improve the movement resistance 
time of public transport is Lane-Keeping Assistance (LKA) LKA offers a "copilot" function 
to public transport drivers in highway environments LKA uses machine vision technology to 
detect the lane in which the vehicle is travelling, and steering actuation to add torque to the 
steering wheel to assist the driver in these minute steering adjustments The experience can be 
imagined as similar to driving in a tunnel, such that the curving vertical sides of the tunnel 
create a natural steering resistance to keep the vehicle in the centre (Bishop, 2005) LKA 
systems enable public transport buses to operate on very narrow lanes, minimizing the impact 
on the street space and reducing the infrastructure costs if dedicated lanes are used This gives 
LKA the potential of finding short cuts through narrow streets in urban areas, thereby 
improving accessibility Lane width space savings of as little as a few inches can be the key to 
the viability of a new transit service One service that uses this system is the Phileas bus 
operational in the Netherlands (see Van der Heijden et al, 2006) Another area of interest for 
public transport buses is precision manoeuvring Large buses are not always a good fit in tight 
city streets and manoeuvre assistance systems can help bus drivers to successfully negotiate 
tight spaces, avoiding property damage or worse consequences A special case of precision 
manoeuvring is precise docking, in which the bus aligns itself within a few centimetres of the 
loading platform when picking up passengers This allows for quick and easy roll on/off for 
strollers and wheelchairs, as well as a more rail-like experience for all passengers Such 
features are an important part of implementing an efficient service, which, again, is a key to 
attracting travellers to use the transit service (Bishop, 2005) 
Travel choice support 
If a journey by public transport is contemplated, the amount of information required is greater 
than for a car journey, even before the effect of road traffic congestion is considered (Holland, 
2000) Consequently the effect of travel choice support in public transport might have a 
greater impact on time savings, especially when the information supplied is real-time and ol 
high quality An example is real-time passenger information, which is generated through the 
use of Automatic Vehicle Location (AVL) systems This information could be displayed at 
for example bus stops, the internet or Personal Diary Assistants (PDA) 
Kodier et al (1998) modelled the impact of various combinations of advanced public 
transportation systems (APTS) on travel emissions, congestion and consumer welfare in the 
Sacramento area (USA) One of the scenarios tested was called advanced transit information 
It included technologies with information about available transit service before and during 
their tnps Travellers could access this information at home, work, transportation centres and 
wayside stops, and on board vehicles through a variety of media such as telephones, monitors, 
cable television, VMS, kiosks and personal computers The other scenarios included a Base 
scenano, and two scenarios included feeder services such as Personal Rapid Transit and 
Demand Responsive Transit The last scenano was used for combinations of the first four 
None of the scenanos contributed positively to the total congestion in the case region As for 
consumer welfare, it seemed that the advanced transit information scenario yielded the 
highest impact due to the large travel time savings 
After a large survey in the Northern California areas Abdel-Aty et al (1996) 
concluded that about 38% of the commuters who do not use public transport services might 
do so if more information were available The following information enhancements would 
have a substantial impact on commuters' route and mode choices (Abdel-Aty et al, 1996) 
electronic displays of actual bus and train arrival times, computenzed maps and travel 
directions, real time information on current delays and estimated travel times on alternate 
routes and competing modes 
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Traffic flow management 
An interesting traffic flow management concept for public transport is an Advanced Timed 
Transfer System (ATTS). The basic technological components of an advanced timed transfer 
system are: Automatic Vehicle Location (AVL), a wireless communication system, transit 
operations software and hardware, Mobile Data Terminal for Driver Interface and Electronic 
Fare Payment (Dessouky et al., 1999). The concept consists of transfer stations using buses 
with AVL technologies when multiple bus routes are scheduled to arrive on or at about the 
same time at a public transport terminal, with the goal of enabling short waiting times when 
transferring between buses. Dessouky et al. (1999) showed that the benefit of such a concept 
for passenger time transfer is most significant when one of the buses experiences a major 
delay, especially when the number of connecting buses is small. 
Resume: ITS potentials for travel time reduction in public transport buses 
Table 5 shows the main potentials of ITS to alleviate the resistance factor time for public 
transport passengers. If we consider the management of public transport, it shows that AVL 
technology as well as traffic control centres are important to receive real time communication 
about bus fleets. Time savings for passengers in 'hidden waiting time', 'time for mode 
changing' and 'waiting time at stop station' are gained when information about scheduling is 
offered by a control centre, provided the information is real-time and of high quality. Time 
gains for 'in vehicle travel time' can indirectly be offered by vehicle driving support systems. 
Table 5. ITS potential to relieve resistance factor time for public transport 
Resistance Factor Time 
Hidden waiting time 
Waiting time at stop/station 
In-vehicle travel time 
Time for mode changing 
ITS potential 
Vehicle driving Travel choice Traffic flow 
support support management 
Real-time ATTS (AVL) 
Real-time ATTS (AVL) 
Speed Regulation 
LKA 
Precision-
manoeuvring 
Real-time ATTS (AVL)" 
Considering ITS concepts for public transport it seems that a promising variant in terms of 
accessibility improvement, would consist of a Speed Regulation, LKA and Precision 
manoeuvring (allowing tight scheduling) variant complemented by real-time generic 
information and ATTS (AVL). For example, see Text box 2 for the existing integrated ITS 
public transport buses in the Netherlands. 
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Text box 2. Two examples of ITS public transport buses in the Netherlands 
2.5.4 A brief conclusion on accessibility resistance factors and ITS 
Time is considered as the most important resistance factor. There are many different ways in 
which ITS might contribute to a decrease in the time spent travelling. In car driving for 
example ITS has the potential to increase the throughput of a motorway by providing shorter 
headways, by offering real-time information and by preventing collisions. For public transport 
travellers ITS can for example provide personal information about departure and arrival times 
which are linked to a control centre monitoring public transport fleets. 
The exploration of the impact of ITS on the decrease of the resistance factor costs is 
more complicated. Since many ITS applications are still under development it is not clear 
what people will need to pay for the different technological applications. In general we can 
assume that trip costs will increase since both driver and travel support devices will become 
commercially available (see e.g. Argiolu et ai, 2006 for expected ADAS purchase costs) and 
passengers need to at least invest in purchasing them. The main benefits from these extra 
costs are then expressed in a decrease of time and/or effort. An exception might be the 
technological devices for a reduction of fuel consumption, which are especially designed to 
reduce costs. In the case of traffic flow management we can assume that the resistance factor 
costs is only indirectly relevant since these costs are mostly public spending expenditures. 
The exploration of the impact of ITS on the decrease of the movement resistance 
factor effort is performed in general terms. Although indicators of effort are important to 
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accessibility, in many cases they are not tangible enough to research for ITS specific 
applications Especially when these ITS have not been introduced on the market at full scale 
An important exception is the risk of accidents, which is at least a very common research 
topic for ADAS evaluation (see e g Jagtman et al 2005, Houtenbos et al, 2005 Lu et al, 
2005) However, the risk of accidents is not a primary issue for accessibility In general most 
of the dnver support and travel support systems that are sold aim to decrease the effort of 
travelling This also accounts for, for example, traffic management systems, which are used 
by authorities to ensure a better and safer throughput of traffic A special focus is on the 
reliability (of travel time) since it has become increasingly important for assessing 
accessibility 
2.6 Research outline 
In conclusion, the theoretical framework reflects two main hypotheses Namely, that ITS 
services, based on combinations of different ITS categories that potentially improve 
accessibility, will significantly strengthen the preferences of office locations' accessibility 
that are similar to these ITS and that accessibility contributes significantly to the preferences 
of office locations This section describes the research outline to test these hypotheses 
This research is based on the following three guiding principles, which are set out in 
this paragraph 
1 The research is based on an open and positivistic paradigm 
2 The research is based on a transport policy priority perspective and on an evolutionary 
transport technology perspective 
3 The research is based on the assumption that it is possible to look into the future by 
measuring plausible ITS concepts and location preferences in hypothetical situations 
Ad 1) The paradigm of this research has three main characteristics At first, it is largely 
triggered by the lack of available empirical data concerning the influence of ITS related 
transport concepts and office location preferences Currently there are no (or too few and 
fragmented) available cases of fully implemented ITS concepts suitable for studying the 
potential influence on preference changes for office locations Instead, an explorative 
approach, in which future ITS related transport concepts are formulated and then tested on 
location behaviour, is more suitable Secondly, the explorative approach implies a certain 
'open' approach towards the selection and sequence of the methods to be used It means that 
decisions on the use of specific methods are strongly based on the results of the preceding 
study Therefore, this section describes the methodological steps only briefly, allowing more 
detailed discussions on the methods in the chapters in which the method is applied Thirdly, 
the research style can be charactensed as 'positivistic' The style is in line with more 
traditional research approaches that believe in the measurabihty of variables and the ability to 
generalise findings by using scientific methods Thus, this research paradigm can be 
charactensed as explorative, open and positivistic 
Ad 2) Besides the research paradigm, the assumed perspectives that underlie the future study 
on ITS related transport concepts are important 
First, in this thesis a policy pnonty perspective is followed The general observation is 
that governmental bodies in urban regions are actively involved in solving urban transport and 
related problems (such as environmental quality detenoration, traffic safety issues and scarce 
space management) Governmental bodies discnminate between combinations that need 
active policy intervention for implementation due to the strong competition between urban 
regions for the scarce funding of new infrastructure and diverging preferences for stimulating 
a better use of existing infrastructure (Banister et al, 2000, Banister, 2002) Discnminatory 
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investment policy in urban transport implies that not all transport modes can and will be 
actively stimulated Preferences for stimulating certain types of accessibility result from 
different policy goals Debates on innovating urban accessibility (see e g Basbas, 2006) 
distinguish between three main strategies stimulating car accessibility of urban 
agglomerations, or stimulating accessibility concepts based on public transport or stimulating 
accessibility based on multi-modal services, linking car and public transport The implications 
of this perspective are discussed in section 3 6 1 
Secondly, in this thesis an evolutionary transport technology perspective is followed 
This perspective is based on the assumption that the breakthrough of innovations in transport 
is based on a gradual process of technological development in which linkages between 
multiple technologies are formed (see e g Geels, 2002, 2005) Important features of this 
evolutionary perspective are the fact that the development of transport technology is 
embedded within a cultural, economic and organisational regime and the fact that a co-
evolution of technologies is assumed (Geels, 2005) It is, for example, assumed that specific 
interactions between transport technologies are complementary This means that when the 
functionality of a new technology is hampered by particular constraints and problems, the 
linkage with another technology may solve them and boost performance and diffusion The 
implications of this perspective are discussed in section 3 6 2 
Ad 3) There are different ways in which studies about the future can be performed In general 
the type of future study is related to the scope (past, present, future) and the inclusion of 
values and/or subjective perspectives Concerning the scope, for example Van Doom & Van 
Vught (1978, 1981) distinguish between near future, far future and the possibility of draw 
backs In more recent literature about future studies often a distinction is made between 
forecasting and backcasting (Van Notten et al, 2003, Borjeson et al, 2006) Forecasting is 
predictive and tries to answer the question what will or might happen9 The second category 
of future studies, backcasting, is normative (see e g Banister et al, 2000, Hojer, 1998, Hojer 
& Mattsson, 2000) and provides answers to the question what should happen9 What 
decisions do we have to make today in order to reach a certain future (Robinson, 1990) Since 
the exploration of plausible ITS related transport concepts is based on an extrapolation of ITS 
technology trends into the future as well as the inclusion of normative elements about, for 
example, a desired transport policy, this research could be regarded as a mix of forecasting 
and backcasting 
What methods can be used to explore plausible ITS related transport concepts with a 
mixture of forecasting and backcasting9 There are various useful methods aimed at the 
exploration of different alternatives (see e g Van Doorn & Van Vught, 1978, Borjeson, et al, 
2006) that are deduced from qualitative data These are so called problem structuring 
methods morphological analysis, the strategic choice approach and quality function 
deployment (Ritchey, 2006) A central element in these methods is the use of various 
techniques for creative thinking Furthermore, they all use criteria sets to screen potential 
alternatives and can thus be used to screen alternative ITS concepts on accessibility 
improvement 
A following methodological challenge lies in the inclusion of ITS concepts in a study 
of their impact on office keeping organisations' location preference structure In such a study 
preferences and choices can be explored in advance, using so-called Stated Preference (see 
Kroes & Sheldon, 1998) and Stated Choice experiments (see Arentze et al 2003 on choice 
experiments in transport), and afterwards, using so-called Revealed Preference data (see e g 
De Bok and Sanders, 2005) Because this study is focusing on future hypothetical ITS 
concepts, that have not been implemented on a large scale, it is more likely to focus on Stated 
Preference (SP) or Stated Choice (SC) approaches than on Revealed Preferences (RP) The 
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result of SP or SC analyses is a preference or choice model, which in this case might describe 
the relationship between ITS related transport concepts and other location factors To test the 
assumption that prelerence scores are good predictors of real life choices, the preference study 
would need additional validation (Fujn & Garling, 2001) 
Figure 7 shows the line of reasoning of the methodological framework and the three 
steps to research this It shows that the steps explore and formulate plausible ITS related 
transport concepts, model the consequences for office location prelerences and finally 
validate any outcome In greater detail, these steps include 
Step 1 : Identification of interesting ITS related transport concepts by using a problem 
structuring approach 
The first step is to identify ITS related transport concepts that might influence the 
accessibility of office locations Problem structuring methods offer the opportunity to 
investigate all the possible combinations of outcomes of ITS concepts in a systematic way 
Important criteria for the ITS related transport concepts are that they are assumed to improve 
the accessibility of an office location and that they are plausible 
Step 2: Modelling of the preference structure of office keeping organisations regarding 
ITS 
To gain more insight into the prelercnce structure of office keeping organisations with regard 
to the relative influence of ITS, a Slated Preference (SP) approach seems promising (see e g 
Molm, 1999 for different approaches to model preferences) To present such a SP study to 
many respondents a survey questionnaire may be the best approach Such a survey would 
include three main aspects First, it should explain the ITS related transport concepts This 
could be done with a description of its main characteristics supplemented by illustrations 
Secondly, the preference lor locations is determined by ITS related transport concepts and the 
most important attributes explaining location behaviour These attributes can be found in 
relocation theory literature Thirdly the population sample should enable distinct analyses for 
different organisation characteristics, since differences in location prelerence but also 
differences in transport mode orientation are expected 
Step 3: Case based validation study on preference structure 
Step 3 is the validation of the outcomes of step 2 The validation of the Stated Preference 
study is possible by conducting a more case specific piece of research Step 2 estimates a 
model based on abstract and hypothetical location profiles Step 3 presents specific and real-
world profiles that are well known to respondents Statistical tests should reveal whether the 
models that are estimated in step 2 provide a valid prediction of profile scores from step 3 
Furthermore, by the use of different ITS implementations step 3 could also compare 
preferences for a specific location with and without the availability of ITS related transport 
concepts A significant difference in prelerence is expected which can be tested statistically 
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Methodological Framework 
Step 
Plausible ITS-Relaled 
transport concepts 
Step 2 
Preference 
structure models 
Step 3 
Validity tests 
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Preferred 
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Experiment 
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Case based 
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Figure 7. Methodological frame for research on ITS and office locations preferences 
2.7 Conclusions 
The theoretical framework offers the necessary tools and approaches to start with the 
research. The line of reasoning is that ITS related transport concepts might change the 
preferences for office locations if they can improve the accessibility of office locations. It is 
hypothesised that the influence on accessibility preference is dependent on the type of 
organisation. The first step that is needed to test this hypothesis is an exploration of future ITS 
related transport concepts. Chapter 3 deals with the specification of plausible ITS related 
transport concepts that have the potential to improve the accessibility of office locations. 
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Chapter 3 
Using morphological analysis to define ITS concepts 
3.1 Introduction 
The aim of this chapter is to specify ITS concepts that are likely to influence the 
general preference of office locations and the accessibility preferences in particular Section 
3 2 briefly describes the main characteristics of possible methods for generating alternative 
ITS concepts and elaborates on the advantages and the main charactenstics of the chosen 
method morphological analysis Section 3 3 describes the problem lormulation how to 
define ITS concepts that potentially increase accessibility9 Section 3 4 describes the selection 
of the main solution dimensions and corresponding values Section 3 5 deals with the 
elimination of potential ITS alternatives based on a procedure that screens for inconsistency 
Subsequently, section 3 6 results in alternative ITS concept clusters, from the perspective of 
transport policy priorities In section 3 6 these clusters are specified in more detail using an 
evolutionary transport technology perspective, resulting in three ITS related transport 
concepts A detailed elaboration of these three ITS related transport concepts is based on 
trends in ITS development, which are described in section 3 7, as well as the potential of ITS 
to increase accessibility, as descnbed in section 2 5 Section 3 8 gives a brief description of 
the final set of three ITS related transport concepts Section 3 9 concludes the chapter 
3.2 Morphological analysis 
This chapter focuses on the identification of plausible ITS related transport concepts that 
potentially increase the accessibility and related preferences of an office location To identify 
and explore potential ITS concepts a method is needed that meets the following three criteria 
'out of the box', structured and comprehensive (see e g Walker, 1985) 
Methods that stimulate 'out of the box' thinking (see e g Walker, 1985, Porter et al, 
1991, Goldenberg et al, 1999) aim to discover new ideas by generating new paths to find 
new ranges Instead of excluding information it welcomes distraction as a stimulus to 
restructure old patterns and reveal new approaches Methods that stimulate 'out of the box' 
thinking are for example fractionation (de-composing a problem), using metaphors and 
analogies and the use of checklist procedures Another method is to combine random words 
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that refer to the problem concept to trigger new concepts and new perspectives A group 
method that stimulates 'out of the box thinking' is called brainstorming The advantage of 
such a method is that it allows a creative exploration by multiple experts However, there are 
some particular problems in brainstorming such as 'group thinking' processes and the 
dominancy of individuals (Porter et al, 1991) The above-mentioned methods all allow for 
creativity stimulation as well as comprehensiveness A serious disadvantage of these methods 
for the exploration of ITS concepts is that they are mostly unstructured and that they lack a 
clear procedure (Goldenberg et al, 1999) Methods that both stimulate 'out of the box' 
thinking and do provide more structure and procedure are so-called problem structuring 
methods, which are often used to tackle non-quantifiable problems (Ritchey, 2006) Examples 
are Morphological Analysis (see Zwicky, 1967) and Analysis of Interconnected Decision 
Areas (AIDA) (see Fnend & Hickling, 1988) the former being a more 'open' method 
whereas the latter deals with more instant problems focusing on decision making support and 
uncertainty In this research a more open method focussing on 'out of the box thinking' is 
needed Therefore morphologicdl analysis seems most suitable It combines both features of 
fractionation and checklists and it provides a structured procedure, it is therefore regarded as a 
powerful method for creative exploration (Porter et al, 1991) Furthermore, it constitutes 
solution dimensions, generates a comprehensive set of ITS alternatives from the solution 
dimensions' value combinations and finally tests the consistency of alternatives Due to its 
characteristics the method is frequently used in studies that explore the future (Borjeson et al, 
2006) Morphological analyses have been applied in various domains, including transport 
technology (Marchau, 2000), nuclear facilities and sabotage (Ritchey, 2003), foreign policy 
making (Eriksson, 2002), and in the use of hazardous materials (Ritchey et al, 2003) 
Morphological analysis was proposed by Zwicky ( 1967) to stimulate creativity when 
thinking about alternatives According to Ritchey (2006), a morphological analysis is a 
generalized method for structuring and analyzing complex problem fields which are 
inherently non quantifiable, since they contain strong cognitive dimensions Secondly, the 
uncertainties inherent to the problem are in principle non-reducible, and often cannot be fully 
described or delineated Thirdly, the problem structure cannot causally be modelled or 
simulated in a meaningful way These characteristics typically match the problem of 
identifying plausible, future ITS concepts 
The procedure followed for morphological analysis is the following (a) the 
formulation of a clear problem definition (b) the identification of basic dimensions 
constituting the variety of potential solutions for this problem, (c) the specification of values 
along these dimensions, (d) the evaluation of all possible combinations of these values and (e) 
necessary iteration of the process Zwicky (1967) explains why and how a morphological 
analysis can be fruitful in unfolding complex phenomena With an example on the working of 
a propellant and a missile, he shows that a morphological approach enables researchers to find 
solutions that otherwise would not have been found Table 6 shows the steps originally 
proposed by Zwicky (1967) Step 1 and 2 form the analysis phase — specifying the problem's 
complexity in terms of values and value outcomes An outcome of step 1 and 2 is the initial 
morphological field, a matrix of dimensions and values Step 3 and 4 form the synthesis 
phase linking values with cross-consistency assessments and synthesising an outcome or 
'solution' space Step 5 includes an iterating process which scrutinises the solution space by 
returning to earlier steps to adjust values, alternatives and consistency measures The best 
solutions are the ones that form solutions to the problem stated in the first step, provided that 
they meet the project specific criteria 
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Table 6. The method of morphological analysis in: Zmcky {1967:285) 
Morphological Analysis 
First step The problem which is to be solved must be exactly formulated 
Second step All of the values which might enter into the solution of the given problem 
must be localized and characterised. 
Third step The morphological box or multidimensional matrix which contains all of the 
, solutions of the given problem is constructed. 
Fourth step All of the solutions which are contained in the morphological box are closely 
analyzed and evaluated with respect to the purposes which are to be 
achieved. 
Fifth step The best solutions are selected and carried out, provided that the necessary 
means are available. This practical application might require an additional 
morphological study. 
Wissema (1976) distinguishes three possibilities for scrutinizing the solution space: 
1. Eliminate all forbidden combinations of values. These are the logical 
impossible and/or unlikely combinations of values. The assignment of 
forbidden combinations can considerably reduce the number of outcomes. 
There is a danger, however, that a too quick elimination of forbidden 
combinations may cause a loss of useful ideas. It is therefore essential to 
present a written evaluation, which should be checked carefully before 
combinations are discarded. To support important decisions during the 
elimination process Ritchey (2002) also suggests the help of experts. 
2. Using sub-boxes or clusters when morphological boxes become too complex. 
Such a complex box may be divided into sub-boxes or clusters to allow the 
detailed study of one section. In this research alternatives are clustered by their 
transport policy priority. 
3. Weighing the values. To assign a qualitative weight to each value it becomes 
possible to put emphasis on certain alternatives. Similar to weighing one can 
also use so-called drivers, which are important independent societal values 
and/or assume certain conditions (Ritchey et ai, 2003). 
The morphological analysis in this research will use each of these three possibilities to 
scrutinize the outcome space in a subsequent order in section 3.5 (1) and section 3.6 (2 and 3). 
3.3 Morphological analysis step 1: problem formulation 
The first step in applying the morphological analysis is the formulation of a clear problem 
definition. Table 1 in chapter 1 offers a structured view on the transport system in terms of a 
hierarchy of market layers. The problem is that currently a variety of ITS applications are 
being developed with a lack of functional synergy. This problem has already been extensively 
formulated in chapters 1 and 2. Therefore, the goal of the morphological analysis is to find 
plausible ITS-related transport concepts that can potentially improve the accessibility of 
office locations. 
3.4 Morphological analysis step 2: dimensions and values of ITS concepts 
The approach in the formulation of dimensions and values can be either detailed or generic. 
Each choice has its advantages and disadvantages. Detailed solution dimensions and values 
lead to detailed solutions which can be screened rather easily in steps 3 and 4. However, the 
formulation of detailed solution dimensions and values generates a large amount of ITS 
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concept alternatives to be screened in steps 3 and 4 Generic dimensions and values lead to 
fewer ITS concepts which have to be screened, although the screening might be more difficult 
due to the limited specific information these concepts, by definition, encompass A strong 
advantage of generic dimensions and values is that development trends and normative views 
on desired technology breakthroughs can all be included This allows more unconventional 
concepts to be defined in later steps when resulting ITS concepts are described in more detail 
Therefore, in this research, genene dimensions and values are considered appropnate 
Important criteria in the formulation of generic dimensions and values is that they 
cover the whole solution space and are disjunctive and thus do not allow for overlap This can 
be exemplified by the values of men and women for the dimension of people The solution 
dimensions can be identified based upon the market view of ITS which is presented in Table 
1 in chapter 1 Table 1 integrates two main issues the so-called physical components of the 
transport system and the so-called markets that relate to the functional interactions between 
the physical components, the latter potentially being improved by the implementation of ITS 
technology The physical components of surface passenger transport are users, vehicles and 
infrastructure It is assumed that a future ITS concept will include each of these three 
components The basic three dimensions of the ITS technology development relate to the 
support of the travel choice, mainly covering the field of ATIS, the vehicle driver support, 
mainly covering the field of ADAS and the management of traffic flows, mainly covering the 
field of ATMS These six dimensions and their values are shown in Table 7 The specific 
choices for each value within the dimensions are discussed below 
• The first dimension is the mer dimension From a policy perspective the 
implementation of ITS concepts potentially influences the travel behaviour of users 
With respect to the improvement of accessibility in certain office location areas, ITS 
concepts might be specifically implemented to improve the accessibility for a certain 
group of people (a target group), for example the users of a large office boulevard 
hosting many companies with many employees, determining a large amount of the 
transport usage Furthermore, the implementation of an ITS policy for a target group 
implies the need for users to purchase or to obtain certain ITS devices enabling them 
to use the dedicated ITS service or infrastructure (see for example Buitelaar et al, 
2007) At the opposite end of this dimension spectrum an ITS concept might be open 
to everyone, in areas without a selective approach to accessibility, such as medical 
centres or areas with mixed functions Hence, the values considered in this context 
are (1 ) target group or (2) open access 
• The second dimension of ITS concepts is vehicle types Policymakers might want to 
stimulate the use of a certain type of vehicle for passenger transport, implicitly 
influencing the mode choice of travellers In absolute terms, cars for example are used 
much more than buses, whereas the influence over the type of ITS applications in 
public transport buses can be controlled more easily through regulation and contracts 
with public transport companies In general a distinction can be made between 
privately owned vehicles such as cars, and buses that are owned by public transport 
companies As such the values are ( 1 ) cars or (2) buses 
The third dimension involves the road network The road network is designed for 
mobility on different spatial levels activity areas, on the intra urban level and on the 
inter urban level Activity areas refer to many local urban functions such as residential 
areas, business areas, leisure areas, medical clusters and shopping areas Road 
networks on this activity level are for example roads that unlock activity areas and 
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have a maximum speed limit of 50 km/h Inter urban and intra urban refer to the 
concept of polycentncity (Kloosterman & Musterd, 2001), which means multiple 
centres Intra urban road networks connect the different activity centres within an 
urbanized region An example is roads with a maximum speed limit of 80 km/h Inter 
urban road networks connect different cities within a polycentnc city region An 
example is roads with a maximum speed limit of 120 km/h The values for the road 
network dimension are (1 ) activity areas, (2) intra urban or (3) inter urban 
• The fourth dimension is travel choice support Travel choice support relates to travel 
information that is sent to a traveller during his or her trip The basic reason for 
information supply is to support decisions a traveller makes during their tnp, related to 
mode choice, route choice and destination choice The supply of information can be 
organised in various manners through the use of multiple devices (see e g Van der 
Horst, 2006, Chorus et al, 2006b) The most fundamental choice for policymakers is 
to invest in either generic or individually tailored information provision Information 
is generic when only general information is offered from which a traveller has to filler 
information concerning his specific travel purpose Information is individually 
tailored, when it copes with the specific information needs of an individual traveller 
The values for the travel choice support dimension are thus (1) generic information or 
(2) individually tailored information 
• The fifth dimension is vehicle driving support Vehicle driving support relates to 
systems that support drivers in their vehicle driving task, such as steering and braking 
This vehicle support can be informative, assisting or autonomous and focused 
laterally, longitudinally or as a combined driving task In general this vehicle support 
can improve comfort, safety and the throughput of tralfit There are two forms of 
vehicle support, both suitable in both lateral and longitudinal directions systems that 
assist a driver and systems that automate driving Assisting technology influences the 
vehicle behaviour (for example by warning or information), but keeps an intervention 
option so that the driver can over-rule the technology The disadvantage for 
policymakers is that the influence on the driving behaviour might be small as it is 
dependent upon the decisions of the driver Automated technology needs greater 
technological advances to improve, for example, the safety systems and allow the 
technology to take over certain driving tasks temporarily, without intervention options 
for the driver The disadvantage is that it needs additional ITS devices, mainly for 
safety purposes (see e g Koopman & Bayouth, 1998, Chan & Litkouhi, 1998, Bishop, 
2005) and driver acceptance (Van Dnel & Van Arem, 2005) The advantage of 
automated driving is that policymakers can directly influence driver behaviour and 
thereby improve the throughput of traffic The values for the dimension \ehicle 
driving support are ( 1 ) assisting or (2) automated 
• The sixth dimension is traffic flow management Policymakers focus on traffic support 
systems which are divided into the management of traffic in a link or management of 
traffic on a network scale If we perceive the infrastructure as a network, then it is built 
up of links and nodes A link is then a connection between two nodes A network has a 
minimum of two links Examples of instruments for link management are lane 
assignment, speed control and ramp metering An example of an instrument for 
network management is dynamic route information panels The values for the traffic 
flow management dimension are ( 1 ) link or (2) network 
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Table 7. Morphological fields for ITS 
Dimensions 
user 
vehicle 
road network 
travel choice support 
vehicle driving support 
traffic flow management 
(1) 
target group 
car 
activity areas 
generic information 
assisting 
link 
Values 
(2) 
open access 
bus 
intra urban 
individually tailored 
information 
automated 
network 
(3) 
inter urban 
3.5 Morphological analysis step 3 and 4: the outcome space and 
consistency tests 
The combinations of values from Table 7 result in a set of 96 alternatives (2*2*3*2*2*2). An 
in-depth study of the 96 possible ITS concept alternatives is not manageable in one preference 
testing study, knowing that each alternative can be further specified in different, operational 
concepts. There is a need to reduce the set. Eliminating the implausible concepts is a way of 
dealing with the reduction need. The criterion implausibility should therefore be made 
operational in the elimination process. In this research, the notion of implausibility primarily 
refers to the potential contribution of the ITS related transport concept to the general transport 
goal of increasing accessibility for office locations and/or the technical and societal feasibility 
of implementing an ITS related transport concept on a large scale in urbanized areas. Those 
ITS concepts, which do not meet at least one of these criteria, or the concepts for which this is 
highly uncertain, are labelled implausible. The result of this elimination process is a set of 
plausible ITS related transport concepts (Marchau & Van der Heijden, 2003). 
The first focus is on elimination by screening. It is assumed that an ITS related 
transport concept is implausible if one of the paired or triple combinations of levels of 
constituting dimensions is implausible. The implausibility of a partial combination is judged 
on the basis of expert knowledge as expressed in the literature. Table 8 shows a cross-
consistency matrix of pairs with the combinations that are not considered plausible marked 
black. The argumentation to mark these pair combinations as such is as follows: 
Target group - Buses (implausible) 
An ITS related transport concept based on a combination of buses for public transport and 
target groups of users is not considered plausible. There are ideas to use intelligent buses on 
motorways for long distances. First concepts have already been proposed and are being 
researched (see e.g. Oomen & Biesboer, 2006). However, if such concepts are developed for 
public transport it is highly unlikely that they will focus on target groups, as they would be 
financed by public funding. 
Open access -Individually tailored information (implausible) 
Although the availability of specified travel information is increasing, the future supply of 
individually tailored information in combination with open access is not considered plausible. 
Government investment in ITS related transport concepts that includes the provision of 
individually tailored information requires investments in both the necessary communication 
infrastructure such as inductive loops, video cameras and a central management centre, and 
ITS devices that receive the information (Toledo & Beinhaker, 2006). It is therefore aimed at 
so-called target groups, users that use ITS devices, which can range from in-vehicle devices, 
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for example in light private vehicles, or hand-held devices, such as PITA (Chorus et al. 
2006a), for public transport (Miles & Walker, 2006). The combination between individually 
tailored information and open access is considered implausible. 
Buses - Inter urban 
It is not plausible, both from a public policy perspective (see e.g. the National Mobility 
Report, 2004) and from an accessibility point of view, that a future ITS related transport 
concept that is based on public transport buses will be implemented at an inter urban scale. 
Significant connections of different city regions are either provided by road infrastructure for 
cars or public rail transport (National Mobility Report, 2004). 
Table 8. Cross-consistency matrix of future ITS concepts 
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By eliminating those ITS concepts that include implausible pairs, a number of 44 plausible 
concepts result. This set is still too large to allow in-depth research for each separate concept. 
Hence there is a need to further reduce this set to smaller, manageable proportions. Such 
reduction can be achieved by finding out whether combinations of three or more underlying 
concept values are implausible. 
In particular the implementation of a more automated ITS in combination with cars is 
only plausible under certain specified conditions (see e.g. Hall, 1995; Ward, 1997; Chan & 
Litkouhi, 1998; Koopman & Bayouth, 1998): 
Automated - Cars - Generic information (implausible) 
To begin with, the combination of automated car driving and the supply of only generic travel 
information to drivers is not plausible. ITS related transport concepts that are based on control 
devices, and especially the controlled automation of vehicle driving, need additional tailored 
information based on the direct and indirect environment of the vehicle (Chan & Litkouhi, 
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1998, Guldner et al, 1999, Bertozzi et al, 2000) The supply of generic information might 
only be sufficient when assisting technology is used To travellers that are using but not 
dnving an automated vehicle, as in public transport buses, genene information might be 
sufficient 
Automated - Cars - Network (implausible) 
Secondly, a controlled vehicle support for cars at the network level is very unlikely From 
current perspectives it is much more likely that automated ITS related transport concepts for 
cars will be implemented only at partially dedicated links of the road network (see e g Ward, 
1997, Koopman & Bayouth, 1998, De Feijter, 2006) 
Automated - Cars - Activity areas (implausible) 
Thirdly, many of the devices that are intended to take over part of the dnving task, like 
autonomous cruise control or lateral driving support, are designed under motorway conditions 
(Miles & Walker, 2006) Therefore, it is implausible that the development of full scale 
automated ITS concepts for cars will be applicable in activity areas within the time horizon 
considered within this thesis 
The elimination of pairs and tnples of values which are implausible, has resulted in the 
elimination of 3 pairs and 3 tnples From the 96 alternatives that could by formed by 
combining all values in Table 7, only 28 plausible ITS related transport concepts remain 
These are listed in Table 9 
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Table 9. The outcome space - Possible ITS concepts 
ITS 
Concept 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
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Target group 
Target group 
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Open access 
Open access 
Open access 
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Open access 
Target group 
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3.6 Defining desired policy clusters and values 
By eliminating those ITS concepts that include one of the implausible combinations of values 
(pairs and triples), 28 ITS related transport concepts result. This set is still too large to allow 
in-depth research for each separate concept, and therefore needs to be further reduced to 
smaller, manageable proportions. This reduction can be achieved by a combination of two 
more steps, as described in section 3.2 (Wissema, 1976): 
1. The second step that is described in section 3.2 is to define clusters of solution 
dimensions. In this research, clusters of ITS related transport concepts can be formed 
by a transport policy priority perspective, excluding the technology dimensions (see 
paragraph 2.6). These policy clusters are formed by the general transport dimensions: 
user, vehicle, and road network. They are described in section 3.6.1. 
2. The third step is to weigh values. In this research the values from the policy priority 
clusters are weighted according to a so-called evolutionary transport technology 
perspective, in which it is assumed that some ITS related transport concepts are 
developed earlier than others (see section 2.6). The reason for this is that for several 
dimensions the relationship of the values can be based on the assumption that one 
value will precede the other in terms of ITS concept development. It is, for example, 
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assumed that an ITS concept is first implemented on a link before it is implemented at 
a network level The weighing of values is described in section 3 6 2 
3.6.1 Clustering of concepts 
An important assumption for the policy pnonty perspective is that the available money will 
be spent only once, which means that the investment in one mode or concept will rule out 
investment in another This choice is often a result of a policy pnonty where mainly so-called 
liberals tend to emphasize the importance of car infrastructure and so-called social democrats 
emphasize the importance of equity and consequently the use of high quality public transport 
services ITS also improves a third investment the link between car travelling and public 
transport Thus it seems that there is a transport policy priority which can also be recognised 
in the ITS conceptualisation of different modes a pnvate, a public and a so-called multi-
modal approach As such, from a transport policy perspective three clusters can be formed 
based on the vehicle dimensions cars (a), buses (b) and a combination of both in mobility 
chains (c) 
However, following a so-called integrated approach, a transport policy priority is to 
use certain transport modes for the transportation of people on different layers of the road 
network (National Mobility Report, 2004) 
ad a) Considering the congestion levels it is logical that an investment in an ITS related 
transport concept concerning cars should aim at the level where it is most used and 
where problems need innovative solutions the inter urban level (National 
Transport and Traffic plan, 2001, National Mobility Report, 2004) 
ad b) The use of buses is most suitable in activity areas and intra-urban areas High 
quality intelligent bus services with a dedicated infrastructure are most suitable for 
connecting sub-centres on the intra urban level whereas conventional bus systems 
are most suitable within and between activity areas (National Mobility Report, 
2004) 
ad c) Park & Ride facilities enabling the transfer from car to public transport (and vice 
versa) are in many cases located at the edge of city centres (see Bos et al, 2004) 
An interesting ITS concept might be a P&R facility where car drivers can park 
their cars and continue their trip with small automated public transport buses, for 
example a people mover, to their destinations in activity areas 
This priority policy also has consequences for the specification of the user values in the 
remaining alternatives An investment in ITS concepts at the inter-urban level for cars is 
aimed at target groups, as an ITS related transport concept will need in-vehicle devices for 
assisting as well as for automated vehicle support The pnonty of using ITS concepts for 
buses at the intra urban level and within activity areas will be open access It is not plausible 
that such public transport at these levels would only be focussed on target groups 
If we look at the morphological outcome space in Table 9 the following three clusters 
can be formulated along the three policy priority perspectives (see Figure 8) The first policy 
pnonty cluster focuses at the inter urban level, cars and is designed for a specific target group 
These are concepts 22 to 26 in the morphological outcome space (see Table 9) The second 
policy priority cluster focuses at the intra urban level, buses, and is open access These are 
concepts 18 to 21 in the morphological outcome space (Table 9) The third policy cluster is 
focused on Park and Ride facilities at activity areas, the further use of buses and is available 
for everyone These are concepts 7 to 10 in the morphological outcome space (Table 9) 
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Inter urban areas 
Cars 
Target group 
(concept 22 - 26) 
Generic - Assisting - Link 
Generic - Assisting - Network 
Individually tailored - Assisting - Link 
Individually tailored - Assisting - Network 
Individually tailored - Automated - Link 
Intra urban areas 
Buses 
Everyone 
(concept 18-21) 
Generic - Assisting - Link 
Generic - Assisting - Network 
Generic - Automated - Link 
Generic - Automated - Network 
Activity areas 
Buses 
Everyone 
(concept 7-10) 
Generic - Assisting - Link 
Generic - Assisting - Network 
Generic - Automated - Link 
Generic - Automated - Network 
Figure 8. Three clusters based on three policy priorities 
3.6.2 Weighing values: an evolutionary transport technology perspective 
There are indications that the implementation of ITS related transport concepts will occur 
according to evolutionary patterns (see e.g. Marchau, 2000; Bishop, 2005), especially the 
implementation of lanes for automated cars (see e.g. Ward, 1995; Koopman & Bayouth, 
1998). The evolutionary perspective on ITS related transport concepts is characterised by a 
large scale, slowly increasing take over of driving tasks over time and/or a small scale 
introduction of concepts that contain a full take over, automation, of driving tasks. The 
opposite to an evolutionary perspective, is a revolutionary perspective in which an advanced 
ITS concept is implemented overnight on a large scale, without implementing intermediate 
concepts in advance. This is considered not very likely. From an evolutionary point of view 
(see e.g. Geels, 2005) it is expected that some values (as defined in Table 7) are implemented 
later than other values (as defined in Table 7). Applying the evolutionary perspective to the 
three clusters specified in Figure 8, shows the following. It is for example more logical to 
start with generic travel choice support and to fine-tune it up to individually tailored travel 
choice support. Furthermore, first a link can be used to implement an ITS related transport 
concept, which can later be up-scaled in order to be implemented at the network level. 
Finally, an automated vehicle driving support system will most probably be preceded by an 
assisting vehicle driving support system. 
If we take a closer look at cluster one in Figure 8, it can be seen that several possible 
ITS related transport concepts are based on cars for target groups at the inter urban level. 
Automation in car driving is more promising in terms of accessibility impacts than the use of 
assisting technology in car driving. It is expected that automated cars will be introduced onto 
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the market around the year 2020 (Argiolu et al, 2006) The first introduction of an automated 
car concept is expected to need a dedicated lane with individually tailored information So, 
considering the evolutionary perspective on ITS implementation and the potential to influence 
accessibility, only transport concept 26 remains part of the selection (see Table 9) This ITS 
related transport concept can be typified by automated cars for target groups on major links 
between inter urban agglomerations, providing individually tailored information 
If we take a look at cluster two, it is known that semi-automated public transport buses 
are already operational at the intra urban level, based on a set of interconnected links (see e g 
Bishop, 2005, Van der Heijden et al, 2006) It is expected that full automation for buses at 
the network level will become available in the coming years (Parent, 2007) So, considering 
the evolutionary perspective only ITS related transport concept 21 remains part of the 
selection (see table 9) This ITS related transport concept can be typified by automated buses 
for everyone on a network between intra urban areas, providing genene information to users 
If we take a look at cluster three, it is known that public transport buses are already 
operational on links with automated vehicle driving support (see e g Argiolu, 2003, Bishop, 
2005) Considering the fact that these systems, in many cases small buses, are mainly used in 
transport planning to unlock activity areas, it is not expected that they will be used at the 
network level for the coming 10 to 15 years So, considering the evolutionary perspective ITS 
related concept 9 remains (see Table 9) This ITS related transport concept can be typified by 
a multi-modal concept based on automated buses for everyone at a link in activity areas 
connecting a Park and Ride facility situated near a motorway to office locations The 
provision of travel information is generic 
3.7 ITS technology trends and conceptualisation of the three ITS 
concepts 
The three ITS related transport concepts that are desenbed briefly in section 3 6 can be 
elaborated in many different ways There are, for example, several different forms of 
automation that are possible to use when defining an automated car lane on an inter urban 
level This section explores the impact of four different trends in ITS technology to sketch a 
clearer view of the most promising vanants of the three ITS related transport concepts 
Although not all the trends are explicitly expressed in the descnptions of the three ITS related 
transport systems that are formulated in section 3 8, the three ITS related transport concepts 
are implicitly based on these four trends The four trends are co-operation between in-vehicle 
technology and infrastructure, integration of dnver support systems, an increased control of 
traffic and transport, and automation of passenger transport The trends are explained 
consecutively 
The first trend is the co-operation of technology between vehicles and vehicles and/or 
vehicles and infrastructure A co-operative ACC would for example need a dedicated lane 
with both vehicle-to-vehicle communication and vehicle-to-roadside communication 
(Shladovere/ii/,2001) 
The second trend is the integration of different support and control systems Van Dnel 
& Van Arem (2004) distinguish between technical integration, Human-Machine Interface 
(HMI) integration and the integration of functional operations Technical integration relates to 
using the same components, such as sensors and processors A technical integration of major 
importance for ADAS is for example sensor fusion (see Text box 3) 
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Text box 3. Sensor fusion 
A safeguard for the safe control over integrated longitudinal and lateral devices is an excellent 
sensor performance. Currently, the application of sensor devices is either radar, laser, or vision 
based Bertozzi et al., (2000) distinguish between active (radar and laser) and passive (vision) 
sensors. Millimetre-wave radars delect the distance of objects by measuring the travel time of a 
signal emitted by the sensors themselves and reflected by the object. Vision-based sensors are 
defined as passive and have an intrinsic advantage over radar and laser sensors: the possibility 
of acquiring data in a non-invasive way, thus not altering the environment (Bertozzi et ai, 
2000). The forward range of Radar based systems differs from 120 meters to 150 meters 
approximately. The minimum distance is about 1 meter. The beam widths are generally in the 
range of ± 5 degrees. In some cases the beam is wider at short range (approximately 10 degrees) 
and narrower at long range (approximately 8 degrees). Lateral radar based systems, used, for 
example, for blind spot monitoring or a Lane Change Assistant (LCA), have a range of 40 
meters with a 150 degree broad field of view (Bishop, 2005). Laser sensor systems are based on 
a beam reflection. It is used to detect the contours of objects in the vicinity of the vehicle. From 
the resulting data, objects are execrated and classified, along with distance, direction, speed, and 
acceleration. Vision based systems use cameras to detect vehicles or other objects The lateral 
system uses a single camera to determine the vehicles range, relative speed, lateral position and 
time to contact by monocular image processing The vision sensor is typically located on the 
vehicle's side view mirrors and supports both right and left sides. It detects close-by vehicles 
based on visual motion analysis whereas vehicles farther away are delected using pattern 
recognition. (Bishop, 2005). 
The integration of lateral and longitudinal systems demands higher standards of sensing 
technology than the stand alone sensing techniques. Integration basically needs sensor fusion, 
particularly with respect to machine vision and range sensing. Sensor data fusion is a technical 
specialty on its own. It can detect the same object, but with differing accuracy of the parameters 
describing that object. For instance, the range accuracy of a laser scanner is much higher than 
that derived from vision sensors. Information from the vanous sensing modes is generally 
complementary and independent to some degree. Furthermore, certain sensors may see 
information that is "invisible" to other sensors, such as the ability to locate road markings with 
image processing but not with radar. The result is measurements of higher integrity, accuracy 
and confidence (Bishop, 2005). 
An integrated HMI consists of the integration of the interfaces of separate functions. Benefits 
for the functional operation can be twofold. A first example is the extension of operative 
scenarios for single systems: for instance the operation of an ACC depending on information 
about the road shape from a navigation system or the lane width from a Lane Departure 
Warning Assistant (LDWA). Secondly, the performance of single systems could be improved, 
for instance using data from extra sensors for a better execution of the system functions, in 
terms of false and missing alarms or misinterpretations of the driving scenario (Van Driel & 
Van Arem, 2004). 
The third trend is the level of control. Once car drivers participate in traffic, 
compliance of these drivers to norm behaviour assumed in general traffic rules is in the 
interest of traffic management. For instance, exceeding speed limits, driving under the 
influence of drugs, or changing lanes unnecessarily is not allowed. Traditionally, education, 
engineering and enforcement by the police have been the main instruments to reach this goal. 
Nowadays ITS is increasingly being considered as a promising additional instrument (Van der 
Heijden & Marchau, 2003). 
The fourth trend, automation, is in essence a mix of the afore-mentioned trends and 
relates to the increased use of driver support systems. It is considered to be the integration of 
systems with the highest expected benefit on the throughput of vehicles (Miles & Walker, 
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2006) The high expectations are somewhat contrasted by the technological challenges that 
automation taces, in particular for automation of car driving (see e g Chan & Litkouhi, 1998) 
Figure 9 shows field expert's expectations of market penetration levels for automation in car 
driving and public transport (Argiolu et al, 2006) 
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Figure 9. AutoPilot expectation fArgioiuetai 2006) 
The introduction of AutoPilot, a system for automated driving, is expected in 2019 
(see figure 9) and will develop fastest in public transport buses This is logical because early 
concepts ot automated driving will probably include dedicated lanes, which are provided 
more easily in public transport concepts such as Bus Rapid Transit (BRT) systems Another 
interesting conclusion from the study of Argiolu et al. (2006) is that experts think that a 100% 
implementation of the system is not possible The most important technical bamer for 
AutoPilot is considered to be the reliability of the system and the system accuracy Another 
technical bamer is the Human Machine Interface, a more general bamer for the development 
of in-vehicle technology Furthermore, experts note that an important bamer for 
implementation and market growth could be riskier driving (Argiolu et al, 2006) This is in 
line with other research conducted (see e g Levitan et al, 1998) 
Koopman & Bayouth (1998) distinguish three strategies to initiate fully automated 
driving on motorways One strategy is to deploy fully automated vehicles on dedicated lanes, 
but only on certain heavily-used roadway segments equipped with special-purpose fully 
automated driving guidance infrastructure A second strategy is to introduce fully automated 
driving capabilities onto mass transit vehicles for use in existing High Occupancy Vehicle 
(HOV) lanes A third general strategy involves gradually increasing the degree of automation 
of new and refilled vehicles over time, with both fully automated driving vehicles and 
manually driven vehicles sharing essentially all important motorways (Koopman & Bayouth, 
1998) 
Ward (1997) also exemplifies a pathway to develop an automated highway system 
His scenanos start with a minimum gap control, a 'truly' intelligent cruise control, then an 
automatic lane holding, system standardization, Platooning, automated lane changing and 
finally an automated motorway According to Miller et al (2002) it is most likely that earliest 
deployments of Co-operative vehicle-highway automation systems (CVHAS) technologies 
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will be on heavy vehicles, such as buses, operating on their own special rights of way for a 
variety of reasons it is easier to develop and acquire nght of way for public purposes 
3.8 Brief outline of three ITS related transport concepts 
In conclusion, for this research it means that in general terms, the operational characteristics 
of the three ITS related transport concepts (see section 3 6) are based on the potential derived 
from ITS to increase accessibility (described in section 2 5), as well as the four trends that are 
visible in the development of ITS, which are desenbed in section 3 7 This section briefly 
describes the three concepts in the way they will be used in the preferences study 
The automatic car lane involves one dedicated lane per driving direction added to the 
existing motorway Cars equipped with a so-called Autopilot are enabled to drive fully 
automated on this lane in a way that is similar to Platooning The Autopilot guarantees that 
the car keeps its distance automatically from the proceeding vehicle (longitudinal control) and 
that the car keeps driving within the lane (lateral control) Due to automatic guidance by 
traffic management the travel time in this lane is guaranteed To use the lane, drivers need to 
pay a fare The automatic car lane connects major inter urban areas 
The automatic bus lane consists of a semi-electric driven bus which uses a dedicated 
lane The bus has right of way at junctions The bus timetable is based on high frequencies of 
bus departure and arrival The bus drives fully automated and does not need a driver Instead, 
a supervisor is present on the bus to control the vehicle and the passengers Passengers receive 
real time information about the departure and arrival times of the bus Furthermore the 
passenger is guaranteed that the bus will keep to its time schedule The automatic bm lanes 
connect important activity centres within a city region 
The People Mover from Park & Ride offers car drivers the possibility to park their car 
at a Park and Ride facility and to finish the trip by using a People Mover vehicle The People 
Mover is a small (± 15 passengers) vehicle which is fully automated Car drivers who want to 
use the People Mover from Park and Ride are already informed in the car about available 
parking places The People Mover departs with a high frequency The People Moxer from 
Park and Ride has an unlocking function for e g office parks 
3.9 Conclusion 
This chapter has applied morphological analysis to explore plausible ITS related transport 
concepts that have the potential to increase accessibility for office locations It was found that 
to perform a future study morphological analysis is the most suitable method because it is 
regarded as structured, 'out of the box' and comprehensive 
Morphological analysis is a procedure that consists of an analysis phase and a 
synthesising phase In the analysis phase important dimensions and corresponding values 
were identified by which different alternatives for plausible ITS related concepts could be 
formed Six dimensions were identified a user dimension (with values of target groups and 
open access), a vehicle type dimension (with values cars and buses), a road network 
dimension (with values activity areas, intra urban and inter urban), a travel choice support 
dimension (with values generic information and individually tailored information), a vehicle 
driving support dimension (with values assisting and automated) and a traffic flow 
management dimension (with values link and network) Alternatives were generated by 
combining the values This resulted in a set of 96 alternatives In the synthesising phase the 
solution space of possible alternatives is scrutinized In chapter 3 this is based on three steps 
first implausible combinations between triples and pairs were eliminated, secondly clusters 
were formed and thirdly values were weighted The basic assumptions for the specification of 
clusters of alternatives were formed on a transport priority policy perspective Furthermore 
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the weighing of values was based on an evolutionary transport technology perspective It 
showed that some alternatives can be expected to be implemented earlier than others 
The three steps resulted in three plausible ITS related transport concepts automated 
cars for target groups on major links between inter urban agglomerations, providing 
individually tailored information, automated buses for everyone on a network between intra 
urban areas, providing generic information to users, and a multi-modal concept based on 
automated buses for everyone at a link in activity areas connecting a Park and Ride facility 
situated near a motorway to office locations For further specification of these three ITS 
related transport concepts, a combination of four important trends as well as the potential of 
ITS to increase accessibility (as described in paragraph 2 5) was taken into account This 
ultimately led to a brief description of the three ITS related transport systems, which will all 
be useful in a preference study aimed at office keeping organisations 
Now that the morphological analysis has led to the definition of three ITS related 
transport concepts, it is possible to explore their influence on office location preferences The 
set up of that study is described in chapter 4, after which in chapter 5 the results of the study, 
including the three ITS related transport concepts are described 
Chapter 4 
Data collection set up 
4.1 Introduction 
In chapter 3, three distinguishing ITS related transport concepts were derived from 
morphological analysis the automatic car lane, the automatic bus lane and the People Mover 
from Park and Ride The next step is to determine their potential importance for preferences 
of office location accessibility Furthermore, it is important to gain insight into the relative 
importance of accessibility with respect to other, more general, factors that are regarded 
important for office locations These two steps are studied using a SP approach This chapter 
describes the operational decisions for the set up of the SP study In addition, both the 
practical application of the expenments and the questionnaire design are described 
Section 4 2 describes the theoretical assumptions for measuring location preferences 
Section 4 3 describes the outlines for the SP approach as well as a specification of SP, the 
Hierarchical Information Integration (HII), and the specific steps in applying this SP/HII 
approach in the context of ITS and office locations Section 4 4 describes the data collection 
approach Section 4 5 includes the followed population sample procedure Section 4 6 briefly 
describes the contents of the final version of the survey questionnaire Section 4 7 concludes 
the chapter 
4.2 Theoretical assumptions of location choice behaviour 
The choice for the SP approach to determine the effects of the three ITS related transport 
concepts implies some assumptions underlying the general conceptual model for spatial 
choices (Timmermans, 1982) These assumptions are illustrated in Figure 10, which shows 
that location choices are considered to be the outcome of an individual's act7 of choosing a 
In this research it is not believed that only one person decides upon relocations of an office keeping 
organisation It is assumed that one respondent s preference structure reflects the preference of an office keeping 
organisation as a whole (See for example Muilerman (2001 126/127) who interviewed managers in the food 
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particular alternative from among the set of potential alternatives under consideration. For an 
organisation that is relocating this set of potential alternatives includes the available office 
locations in the choice set of an office-keenine organisation. 
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Figure 10. A general conceptual model for spatial choices Timmermans (1982) 
In relation to the general conceptual model Figure 6 in chapter 2, Figure 10 can be seen as a 
demarcation of the total relocation process of an organisation (including feedbacks). Figure 6 
starts with the possible pull and push stresses that trigger organisations to search for a new 
office location. After defining minimum criteria, organisations identify main issues and 
consequently their specific search area. Based on information accumulation they view 
possible interesting locations and either stop searching or bid for a new location. Figure 10 is 
a demarcation and specification of the 'viewing possible locations' element from Figure 6 
which allows the set-up of an experiment-based study of location preferences. 
In Timmermans' (1982) model it is assumed that each choice alternative can be 
characterized by a large but finite number of objective attributes. The bundles of attributes 
which describe the available location alternatives give a description of the objective physical 
space or environment (Molin, 1999). If an organisation is looking for an office then important 
attributes could be the price, distance to employees, transport facilities and parking 
availability (Louw, 1996; Bruinsma & Rietveld, 2007). The preference for a specific choice 
alternative is then dependent on the degree to which these alternatives match the preferred 
industry and the service industry). An important criterion is that the person who is functioning as communicator 
(in the research called the respondent or the interviewed) to the researcher is a very important person in the 
relocation process. This could be the director in an organisation or the president of a firm. According to Willox 
(1998), who interviewed companies involved in chemicals and petrochemicals concerning location decisions, 
one must search for the company's highest management executive on the subject of plant location decisions. 
Willox (1998) has some arguments for aiming al a highly ranked executive, preferably the company's plant 
manager or managing director. At first the subject has some confidentiality since it involves a company decision 
that has economic consequences. The respondent should also have a high level of interaction with the problem 
being analyzed. Moreover, the respondent should also be a long-term employee (especially looking at the 
future), having a clear notion of how the location site is selected. In other words he or she must understand the 
different phases of the locaiion process. 
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values on these attributes Further, it is assumed that individuals, in this case organisations, 
have built up a personal information system about the physical space, stored in cognitive 
constructs This information has been gathered through search and learning processes and is 
related to the organisation's value system, their motivation and possibly to other organisation 
characteristics 
It is assumed that the decision problem, together with a value system, motivations and 
so on, define a set of decision criteria for the organisation, conditioning the perceptions of the 
objective physical environment This perspective typically involves a subjective filtering 
based upon imperfect information, the result of which is a cognitive space It is assumed thai 
this cognitive space, rather than the objective physical space itself, determines individual 
choice behaviour (Timmermans, 1982) For example, when deciding on the choice for an 
office location one might restrict the choice alternatives to neighbourhoods with a good 
reputation 
Individuals are assumed to discriminate between the limited numbers of choice 
alternatives in their cognitive space on the basis of a limited set of attributes They are 
assumed to combine their evaluations of the values or levels of these attributes according to 
some combination rule which they use to form an overall evaluation of each spatial choice 
alternative This cognitive process involves a subjective weighting in light of the derived 
decision criteria, the result of which is the formation of a subjective preference scale A 
preference scale may be conceived as some composite of the subjectively weighted attributes, 
where the weights indicate the relative importance an individual assigns to that attribute For 
example, for small companies the price of an office might be more important than for larger 
companies, in line with cost efficiency rules In addition, the preference scale consists of an 
ordering of the choice alternatives on the basis of their utility in satisfying the particular needs 
underlying the spatial search (Timmermans, 1982) For an organisation searching for a new 
office that could mean that a high price for an office might be compensated by the fact that 
the office lies close to many clients In this case more weight is given to the fact that the 
location lies close to clients than to the price level of the office location 
4.3 Stated preference research 
Based on the conceptual model, a preference model, which describes the contribution of the 
attributes to the trade-off process, can be made operational SP can be used to explore a 
respondent's preferences for multi-attribute profiles (Green & Roa, 1971) It draws upon 
information integration theory, functional measurements and the use of experiments (see 
Anderson, 1981) To measure the SP for multi attribute location profiles a decompositional 
model can be used The estimation of de-compositional multi-attribute models is based on a 
respondent's expressed overall preference ordering for a set of hypothetical choice 
alternatives These alternatives are defined in terms of a combination of a set of attribute 
levels and each individual is requested to express some measure of preference for these 
hypothetical choice alternatives Next, this measure of overall preference is decomposed into 
the separate contributions of the levels of the various attributes to the overall preference 
ordering De-compositional models attempt to derive part-worth utilities, defined on the levels 
of the attributes by decomposing some overall utility measure into scale values for the 
attribute levels, given a certain composition rule (Timmermans, 1984) The iollowing 
procedure of six steps is usually followed when conducting a SP experiment 
a Selection of attributes 
b Determination of attribute levels 
c Selection of experimental design 
d Choice of measurement task 
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e Choice of estimation procedure 
f. Validation of preferences and/or choices 
The next sections will describe the six steps in more detail including the operational decisions 
regarding the object of study 
4.3.1 Selection of attributes (ad a) 
The selection process of attnbutes needs to take into account some important issues Hair et 
al (1998 406) specify three important features regarding attnbute selection the number of 
attributes to be included, multi-collmearity among the attnbutes, and the unique role of price 
as an attnbute The number of attnbutes included in the analysis directly affects the statistical 
efficiency and reliability of the results As attnbutes and levels are added, the increased 
number of parameters to be estimated requires either a larger number of location choice 
alternatives or a reduction in the reliability of parameters The selection of the number ot 
relevant attributes ultimately depends on the aim of the study (Timmermans, 1984) If the aim 
is to predict overt choice behaviour, which is the case with de-compositional multi-attnbute 
preference model estimation, the omission of influential vanables might strongly bias the 
results It is important to select the attributes in such a manner that the set of selected 
attnbutes is as non-redundant as possible Further, only attributes should be included that can 
be clearly defined to respondents (Louviere & Timmermans, 1990) Due to the use of 
orthogonal research designs, the addition of one attnbute might lead to an increase of several 
location choice alternatives to be rated or ranked by the respondent Kroes & Sheldon (1988) 
claim that respondents can only evaluate a fairly limited number of choice alternatives (in this 
study location profiles) at the same time They mention an amount of 9 to 16 Hensher et al 
(2001) conclude that the results of their stated choice study, in which they tested 4, 8, 12, 24 
and 32 profiles, showed little evidence of a connection with the number of profiles placed 
before people, although there was some indication that 4 profiles may be too few to allow 
sufficient variability in responses There was little evidence of fatigue effects for even the 32-
profiles design Arentze et al (2003) also conclude that the error vanance between the first 
block of 8 treatments and the second block of 8 profiles did not increase. The use of about 16 
to 30 profiles seems reliable For example, when using orthogonal treatment schemes, this 
would allow the use of about 5 attnbutes and three levels, which constitutes 18 profiles 
Multi-collineanty among the attributes is also an important issue The correlation among 
attnbutes (known as inter-attribute or environmental correlation) denotes a lack of conceptual 
independence among the attributes If multi-collineanty creates unrealistic profiles, the 
researcher has two options 1) the most direct is to create "superattnbutes" that combine the 
aspects of correlated attnbutes, 2) the second involves possible modifications to the 
methodology underlying conjoint analysis (Hair et al 1998) In many instances price has a 
high degree of inter-attribute correlation with other attnbutes 
Vanous methods can be used to find relevant attnbutes (Timmermans et al, 1982, 
Van der Heijden, 1986) For example (ι) a literature research, to find out which attributes 
have been influential in which situations, (n) a repertory grid method, in which respondents 
are shown triads of alternatives and requested to specify an important way in which two 
alternatives are alike and thereby different from a third; (m) the attribute listing method by 
which respondents indicate their reasons for choosing a particular alternative and not another, 
and (iv) focus group interviews, in which a group of actors involved in location choices is 
asked to discuss the reasons why they prefer certain types of accessibility or types of location 
This research focuses on office location choices, a scientific field in which research has been 
conducted for decades For this reason the selection of attributes is pnmanly based on 
literature research 
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The first practical step in the selection process is to determine a list of relevant 
attributes Figure 11 is based on identification of important location attributes (Louw, 1996, 
Van Dijk et al, 1999, Pen, 2002, Bruinsma & Rietveld, 2007) It is structured by the 
following five clusters of attributes building, functional, technical, financial and location 
attributes 
A second step is to eliminate the least important attributes Figure 11 shows the five 
attribute clusters An important criterion used in selecting the most important attributes is the 
level of importance of the location factor according to the relocating organisation According 
to Korteweg (1994), Louw (1996), Pen (2002) and Bruinsma & Rietveld (2007), some 
attributes should be considered more important than others These are representation of the 
building, environment type, representative neighbourhood, parking space availability, use of 
internal space, accessibility by car, accessibility by public transport, rental/purchase costs and 
the secunty of the building The first most sinking observation from the literature is about the 
cost attributes related to a specific office-location The policy literature also suggests that 
energy and maintenance costs are relevant location factors, although these costs are not 
generally considered as attributes influencing the office-location choices of organisations in 
scientific literature Consequently, only purchase or rental costs are included in further 
analysis Secondly, technical factors, such as climate control or secunty control, are excluded 
from further analysis, although the guaranteed secunty in particular seems to be a very 
relevant quality for office-keeping organisations The reason for excluding this attnbute is 
that organisations are able to implement these technical factors independently of the opted 
location The factor is of minor importance in the relocation decision-making process 
The third step in the selection process is based on a closer inspection ot the assumed 
covanance of attributes within or between attnbute groups, allowing the combination of some 
attnbutes closely related to each other, keeping in mind that the attributes considered most 
important in the literature remain to be clearly represented These considerations led to the 
following simplifications Firstly, the attnbutes describing the building type are combined 
into one new attribute as the representation of a building interacts with an organisation's 
perceptions of its aesthetics, the recognise-abihty of the building and the type of 
neighbourhood of the specific office location A similar reasoning can be followed for the 
attnbutes within the cluster 'functional attnbutes' These attributes are also combined into one 
new attribute as the required floor space is conelated with the way the space is used, the 
office concept and the extent to which the floor space is shared with other purposes 
Thus, based on the three steps, the clusters 'building type', 'use of space' and 
'financial factors' are reduced to only one single attribute for each cluster (see Figure 11) In 
addition, as has been said, the attnbute cluster 'technical factors' has been completely 
eliminated In contrast, most of the attnbutes within the cluster location attnbutes that relate 
to the 'accessibility' of a location are considered to be very important given the goal of this 
study and should be included for further analysis The attribute 'accessibility' contains three 
attributes describing the available alternatives for employees and visitors to access the office-
location The availability of parking lots at the location, the proximity of a motorway exit and 
the proximity of a train station will be considered as the most important single attributes 
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ATTRIBUTE CLUSTER 
Building attributes 
Building type 
Representation (considered very important) 
Expansion possibilities (only considered 
important motive to leave a location) 
Aesthetics of building 
Recognizable building 
Height of building 
Size of building 
Functional attributes 
Required floor space 
Flexible use of space 
Office concept 
Building only for own purposes (no sharing) 
Technical attributes 
Climate control 
Security control 
Lighting 
Security (considered important) 
Facilities aulomation 
Financial/Contract attributes 
Rental/purchase costs 
Service and energy costs 
Maintenance costs 
Location attributes 
Accessibility (in general) 
Environment type (office park, residential 
district) 
Car accessibility (very important factor) 
Public transport accessibility (very important 
factor) 
Parking space (very important factor) 
Representative neighbourhood (very important 
factor) 
Proximity city centre 
Proximity Train-station 
Visibility from highway 
Situated near motorway exit 
Figure 11. Selection of attributes from attribute clusters 
Using HII to measure attribute ç 
As a result of the three previous steps, six attributes are considered to be the most important 
and therefore need to be included in the SP experiment In addition, the three ITS related 
transport concepts should be included to measure their extent of influence on location 
preferences To that end, a total of 9 attributes will be included in the SP experiment These 
are illustrated in Figure 12 Four attributes relate to general location characteristics Five 
attributes relate directly to the characteristics of the accessibility of a location In total these 9 
attributes are too many to include in a SP study without risking an overload of choice 
alternatives for the respondents Therefore, all accessibility related attributes are clustered into 
one attribute 'accessibility' A disadvantage of such an approach is that important information 
SELECTED ATTRIBUTES 
κ Office building 
^ appearance 
Ρ !/* Internal space use 
R ι/ Rental costs 
M >^ Parking space 
Ml ^> Proximity of motorway exit 
m \y Proximity of train station 
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y Five accessibility attributes 
about the relation between the different accessibility attributes will be lost A solution to this 
problem is to use a step-wise measurement approach that is hierarchical by nature 
1 office building appearance 
2 internal space use 
y Four general location attributes 
3 rental costs 
4 parking space 
5 accessibility by train 
6 accessibility by car 
7 proximity of automatic car lane 
8 proximity of automatic bus lane 
9 proximity of people mover from 
park and ride 
Figure 12. Overview of SP attributes to be included in the SP experiment 
Such an approach is based on the theoretical assumption that individuals first trade off ITS 
related transport concepts against other transport modes in the context ol accessibility and, 
next, make a trade-off between accessibility and other location lactors This is in line with the 
basic assumption of hierarchical information theory, which states that information is 
processed in a hierarchical manner (see e g Anderson, 1981) To meet the requirements of the 
hierarchical structure a Hierarchical Information Integration (HII) experiment should be 
conducted (see eg . Louviere, 1984) Thus, to derive a model that first describes part worth 
utilities of accessibility preference (including three ITS related transport concepts) and 
secondly describes part worth utility of an overall location prelerence (including accessibility) 
an HII experiment can be used (see eg Timmermans et al, 1992, Bos et al, 2004) One 
basic advantage of this approach is the ability to include a large number of potentially 
influencing attributes (Louviere, 1984, Oppewal et al 1994) Figure 13 explains the main 
characteristics of the applied measurement approach for this research ITS concepts are 
believed to influence location preferences indirectly through the attribute 'acte\sibilii\' At 
first, in accessibility experiment 1 respondents trade off accessibility attributes This trade-off 
results in a score for the overall accessibility Next, respondents need to evaluate the overall 
office location attributes of which overall accessibility is one of the included attributes Then 
the predicted scores of experiment 1 can be linked to one of the accessibility levels (i e., the 
judgment dimension of accessibility is bad, average or good) in experiment 2 This allows the 
indirect estimation of influence of accessibility attributes from experiment 1 on the overall 
location preference resulting from experiment 2 
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Accessibility Rcsponsc(s) to Model ol 
Experiment 1 Accessibility expenment 
F v r v n m p n l 1 1 • 
Accessibi lnvGmuDinc 1 
Atinhute 1 1 
Attnbuie 1 1 
r 
Organisjt ion's score 
lor the accessibility 
attribute combination 
(profile) in Grouping 
predicted j 
scores 1 
Expenment 2 
Score on judgment 
dimension used in 
Accessibility 
Cirouping 1 
literature 
hti KP/I 
literature 
hn <;pti 
literature 
based 
literature 
based 
Attnbuie 2 
Olflce building 
dDDearance 
Attribute Τι 
Internal use of spaec 
Attribute 4 
Rental costs 
Attribute 5 
Number of parking 
places 
Organisation's 
overall onice 
preference 
responses 
Figure 13. Flowchart of proposed hierarchical judgment process 
1984) 
(derivedfrom Louviere, 
Note that the straightforward use of HII could imply five specific evaluation experiments, one 
for each attribute. In that case they are all considered as so-called decision constructs. In this 
study only the 'accessibility' has to be evaluated as a decision construct as this element is 
described by the five attributes. The other four attributes are treated as single attributes, the 
values of which are based on literature findings. Consequently, only two experiments are 
conducted, one to evaluate accessibility and one to evaluate the overall location preferences. 
This adaptation of the standard HII approach can be marked as a simple variant of integrated 
choice experiments as suggested by Oppewal et al. (1994). From now on this SP study will be 
identified as the SP/HII study in this dissertation. 
4.3.2 Determination of attribute levels (ad b) 
After the selection of the attributes the levels need to be determined. The following criteria 
are important when selecting attribute levels. 
Firstly, it is important to define the desired number of levels for each attribute. For 
categorical attributes, the range is often fixed by a typology range. The number of levels is 
dependent on the assumptions about the relationship between attribute levels and the derived 
utility. If one assumes that the part-worth utility linearly increases or decreases with 
increasing attribute values, only two attribute values are required. If one assumes that an 
optimum or minimum level exists, one needs to select at least three levels; a minimum of 
three values is needed to draw a curve. Finally, if one assumes that utility increases with 
increased attribute level, but is indifferent to middle values, one needs to select four levels. 
The number of levels is usually limited to 2-4 (Molin, 1999). 
Secondly, in balancing the number of levels across the attributes, Hair et al. (1998) 
state that researchers should attempt to equalize the number of levels as best as possible. It 
has been found that the equal use of levels gives better results (Arentze et al., 2003). It has 
been found that the estimated relative importance of a variable increases when the number of 
levels increases, even if the end points stay the same. Hair et al. (1998) add that if the relative 
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importance of attributes is known a prion, then the researcher may wish to expand the levels 
of the more important attributes to avoid a distortion of importance and to capture additional 
information on the more important attributes 
The first experiment, about accessibility, will contain five attributes, which are listed 
in Table 10 Two attributes concern the accessibility of the location by conventional car and 
public transport respectively The presence of these two conventional concepts can be 
described as follows For the car alternative it is the distance to the motorway An office-
location situated at a distance of up to 1 5 kilometre from the motorway is considered to have 
a high car accessibility while the car accessibility of an office location situated at a distance of 
at least 6 kilometre from the motorway is considered to be much less The same idea applies 
for the conventional public transport alternative If the distance on foot from the office to the 
public transport stop is 250 metres, an office is considered as having high public transport 
accessibility, whereas if employees or clients have to bike or walk at least 3 km the office 
location is considered much less accessible by public transport 
Three more attributes describe the three ITS related transport concepts, as defined in 
chapter 3 These ITS related transport concepts are treated as three single attributes within the 
decision construct 'accessibility of an office location' Two accessibility levels are 
distinguished to indicate the availability of the three defined ITS related transport concepts 
Firstly, in line with the distinguished distances for the car and the public transport availability, 
the accessibility to the automatic car lane is considered to be high if the distance does not 
exceed 1 5 kilometres and the accessibility of the automatic bus and people mover are 
considered to be high if the distance does not exceed 250 meters A second level is defined as 
not available, based on the assumption that regional bodies in the Netherlands do not have 
enough funding to follow a regional transport policy that would focus on the accommodation 
of more than one of the three ITS related transport concepts 
In the second expenment, besides the overall evaluation for the 'accessibility rate' 
construct, other attributes describing the quality of an office-location are also included (see 
Table 10) To determine the levels for the attribute Office building appearance the following 
arguments from the literature are relevant Van der Velde (1992) distinguishes three types He 
explains that a notary's office belongs in a respectable mansion on a shady and leafy canal 
An organisation with a clear public function needs an easily-accessible office, with sufficient 
parking availability An innovative high-tech company will generally be located in a modem 
high-tech looking office Korteweg ( 1994) uses the following distinction of office milieus 
office boulevards, other centre locations, peripheral nodes, other nodes, residential areas and 
business sites (for industry and transport) Based on these studies three levels are selected an 
old mansion in a respectable neighbourhood, a functional building in a residential area and a 
modem building on an office-boulevard or in an office-park 
Regarding 'internal ute of space' the following can be argued Van der Velde (1992) 
describes a spectrum with 'closed spaces', which are rather conventional, at one end and 
'open offices' at the other end The closed space (also called 'structured' or 'conventional' 
plan) consists of several cellular office spaces In between the two ends of the spectrum there 
are various office lay-outs, for example the 'modified plan' in which the user has the 
opportunity to mark his 'territory' using of walls (Van der Velde, 1992) In this research, 
closed spaces, flexible spaces and different rooms plus an office garden are used as the 
attribute levels for 'internal use of space' 
The third attribute is 'rental/purchase costs' The levels for the purchase and rental 
price are based on multiple policy and research documents describing fluctuations in the 
amount of office space and the corresponding rental prices (see e g KAN, 2002, KAN, 2005) 
The price levels are expressed in euros per m /year and include 90 euro, 130 euro and 170 
euro It is assumed that office keeping organisations that own their property rather than rent it 
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are well aware of the relative costs that are expressed in the rental price levels used in this 
research. 
The fourth attribute is 'parking space '. The levels for this attribute were also derived 
from multiple studies and policy-documents. It includes 10, 30 and 50 parking places per 100 
employees. 
Table 10. Attributes and levels for the two experiments 
Attribute 
Train Station 
Motorway exit 
Automatic car 
lane 
Automatic bus 
lane 
People Mover 
from P&R 
Office building 
appearance 
Internal use of 
space 
The 
rental/purchase 
costs 
Parking 
availability 
Accessibility rate 
Definition 
The proximity of a train station lo ihe 
new location 
The proximity of a motorway exit to the 
new location 
The proximity of an automatic car lane 
exit lo the new location 
The proximity of an automatic bus stop 
I to the new location 
The proximity of a People Mover stop 
from a Park & Ride to the new location 
The office type relates to its urban 
environment 
The organisation of space within the 
building 
The total amount of rental costs per 
m2/year expressed in euros 
The number of parking places per 100 
Ì employees 
1
 The level of the location accessibility 
expressed in a Dutch school report rate 
Level 
250 meters 
3 kilometres 
1.5 kilometres 
6 kilometres 
1.5 kilometres 
no automatic car lane 
250 meters 
1
 no bus lane 
250 meters 
no People Mover from P&R 
Old mansion in respectable 
neighbourhood 
Functional building in residential 
neighbourhood 
! Modem building in office park 
Closed interior spaces 
1 Flexible spaces 
Different rooms plus office garden 
90 
130 
170 
10 
30 
50 
4 
6 
8 
I Exp. 
: SPI 
SPI 
SPI 
1
 SPI 
SPI 
t _ 
SP2 
I 
1
 SP2 
• 
SP2 
SP2 
I 
1 SP2 
As argued, the overall evaluation for the 'accessibility rate' decision construct is also 
included as one attribute in the second experiment. The levels refer to a ten point school 
report scale, which is widely used in the Netherlands and is fixed at 4, 6 and 8. In this scale is 
6 is 'sufficient' to pass a test. A 4 is 'weak/insufficient' and an 8 is 'good'. 
4.3.3 Selection of experimental design (ad c) 
The next step in the SP/HII set-up concerns the choice of the type of model. In this section 
some important decisions upon the type of model to be estimated and the assumptions related 
to these decisions are dealt with. The following sequence is used: first the choice between an 
additive/compensatory and a multiplicative model is made, secondly the difference between 
the estimation of only the main effects and including the interaction effects is described and 
thirdly we focus on the experimental design regarding the number of profiles to be presented 
to the respondents. 
At first, this research estimates additive models instead of multiplicative models. The 
choice between an additive and a multiplicative specification is influenced by somewhat 
contrasting considerations (Timmermans, 1982; 1983; 1984, Timmermans et al. 1983, Van 
der Heijden, 1986). In the additive model, the respondent simply "adds up" the part-worth 
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utilities for each attribute to find the total value for a combination of attributes The 
assumption of the additive model is that the relative unimportance of any attribute-level can 
be compensated by the importance of any other attnbute-level An important condition for the 
use of additive models is that the independent variables are related to the dependent variable 
in a monotone way Multiplicative models assume that one variable is able to 'veto' other 
variables and compensation is hardly possible The assumption is that in both expenments the 
attributes are valued more or less the same 
Secondly this research estimates main effects instead of interaction effects There is a 
difference between estimating only main effects and also estimating interaction effects 
between parameters The advantage of estimating interactions is that insight into specific 
combinations of outcomes is gained For example it may be that the building appearance is 
only a very important attribute if it is combined with the highest price level The disadvantage 
of estimating interaction effects is that more profiles need to be evaluated, which increases the 
task load for respondents heavily (Kroes & Sheldon, 1988) Given that the main focus of the 
research is on the relative importance of ITS, no 'disturbing' interaction effects are expected 
Therefore this study estimates two main effect models one for the accessibility attributes and 
one for the general location attributes The main effects model can be explained as follows 
the overall utility is the sum of the separate part-worth utilities, assuming that the part-worth-
utihty of an attribute-level is independent from the levels of other attributes No interactions 
are taken into account The general main effects model takes the general form of 
VJ = ßo+IkpkXkJ + eJ 
Where 
Vj = the utility or a particular profiley (the dependent variable) 
Po= the regression intercept 
ßk = the regression coefficients to be estimated for the 
Xk = k coded indicator variables 
Ej = error component 
Figure 14. General main effects model dec < g Scheffe 1956) 
A third issue in the experimental design is how to combine attributes into profiles Steenkamp 
(1985) distinguishes three main types ot designs full factorial, comprise and Iractional 
factorial designs Full factorial designs present all possible combinations In a case of 5 
attributes with 3 levels 243 profiles need to be evaluated An advantage of these designs is 
that interaction effects for all levels can be estimated A disadvantage is the heavy task load 
for respondents Compose designs allow the estimation of some interaction effects, but need 
more profiles to be evaluated than fractional factorial designs Fractional factorial designs 
allow for only the estimation of main effects where the set of profiles is limited by the use of 
so-called Addelman's schemes (Addelman, 1962) An advantage is that in the case of the 
afore-mentioned 5 attributes with 3 levels, the respondent has only to judge 18 instead of 243 
profiles Furthermore, the predictive power of the model is not dependent on the number of 
profiles (see e g Jain et al, 1979) and it is assumed that full factorial designs do not perform 
better than fractional factorial designs (Molin et al, 2000) 
In order to limit the number of profiles, the 'smallest orthogonal fraction' of the full 
factorial design was chosen for each of the two experiments (see Addelman, 1962) This 
operational decision implied that none of the interaction effects could be estimated Thus, it 
was assumed that the part-worth utilities of each attribute level, defining a particular decision 
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construct, are added to obtain an overall utility value. Table 11 shows the systematic 
orthogonal set up for the first experiment, which has 5 attributes, each with 2 levels. Basic 
Plan 1 from Addelman (1962) is used to design a 25 (5 attributes, 2 levels) scheme. Each row 
constitutes one profile, in total 8. 
Table 11. Systematic set out of levels into accessibility profiles 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
Expen 
design 
on 
mental 
based 
BASIC 
PLANI 
, 0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
1 
1 
0 
0 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
1 
0 
1 
0 
Profiles by rows 
Train station 
250m. 
250m. 
250m. 
250m. 
3km. 
3km. 
3km. 
3km. 
Automatic 
bus lane 
250m. 
250m. 
No 
No 
250m. 
250m. 
No 
No 
People 
Mover from 
P&R 
250m. 
250m. 
No 
No 
No 
No 
250m. 
250m. 
Motorway 
exit 
1.5km. 
6km. 
1.5km. 
6km. 
1.5km. 
6km. 
1.5km. 
6km. 
Automatic 
car lane 
1.5km. 
No 
1.5km. 
No 
No 
1.5km. 
No 
1.5km. 
Table 12 shows the systematic orthogonal set up for the second experiment, which has 5 
attributes with each three levels. Basic Plan 4 from Addelman (1962) is used to design a 35 (5 
attributes, 3 levels) scheme. Each row constitutes one profile, in total 18. 
Table 12. Systematic set out of levels into general location profiles 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Experimental 
• design based on 
BASIC PLAN 4 
0 
0 
0 
1 
1 
1 
2 
2 
2 
0 
0 
0 
1 
1 
1 
2 
2 
2 
0 
1 
2 
0 
1 
2 
0 
1 
2 
0 
1 
2 
0 
1 
2 
0 
1 
2 
0 
1 
2 
1 
2 
0 
2 
0 
1 
2 
0 
1 
0 
1 
2 
1 
2 
0 
0 
2 
1 
1 
0 
2 
2 
1 
0 
1 
0 
2 
2 
1 
0 
0 
2 
1 
0 
1 
2 
1 
2 
0 
1 
2 
0 
0 
1 
2 
2 
0 
1 
2 
0 
1 
Profiles by rows 
Building 
Appearance 
Old mansion 
Old mansion 
Old mansion 
Funct. Office 
Funct. Office 
Funct. Office 
Modem Off. 
• Modem Off. 
Modem Off. 
1
 Old mansion 
Old mansion 
Old mansion 
Funct. Office 
Funct. Office 
Funct. Office 
Modem Off. 
Modem Off. 
Modem Off. 
Internal use of 
space 
Closed cells 
Flexible spac. 
Open spaces 
Closed cells. 
Flexible spac. 
Open spaces 
Closed cells. 
Flexible spac. 
Open spaces 
Closed cells. 
Flexible spac. 
Open spaces 
Closed cells. 
Flexible spac. 
Open spaces 
Closed cells. 
Flexible spac. 
Open spaces 
Rental 
price per 
ml/year 
90 euro 
130 euro 
170 euro 
130 euro 
170 euro 
90 euro 
170 euro 
90 euro 
130 euro 
170 euro 
90 euro 
130 euro 
90 euro 
130 euro 
170 euro 
130 euro 
170 euro 
90 euro 
Parking 
space 
(per 100 
empi.) 
10 
50 
30 
30 
10 
50 
50 
30 
10 
30 
10 
50 
50 
30 
10 
10 
50 
30 
Accessibi-
lity rate 
4 
6 
8 
6 
8 
4 
6 
8 
4 
4 
6 
8 
8 
4 
6 
8 
4 
6 
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4.3.4 The choice of a measurement task (ad d) 
In the choice of measurement task three options are available one can rank, rate or choose A 
ranking task involves respondents ranking the set of profiles with respect to their overall 
preference In a rating task, respondents are invited to express their strength of preference for 
each profile on some rating scale A third option is the choice task, where respondents are 
asked to choose between two or more profiles The most suitable option for this research is 
preference rating A disadvantage of preference rating tasks is that the critical value on which 
respondents change their choices is not made explicit However rating tasks are considered to 
be less difficult than ranking tasks, because respondents only need to evaluate each profile in 
turn instead of comparing all profiles at the same time Furthenmore, an advantage of rating 
tasks is that more information is given for each specific measurement in companson with 
choice tasks With choice tasks information is collected whether or not an individual has a 
preference for particular alternatives, whereas in case of preference tasks information is 
collected regarding the degree of the preference for alternatives Finally the typical preference 
structure at the desegregated level can be more easily estimated with preference task 
information (Marchau, 2000) 
4.3.5 A choice of a method for estimating utility or preference functions (ad e) 
The method of fitting multiple regression models is identical to that of fitting the simple 
straight-line model the method of least squares The dependent variable in this analysis is the 
profile rating, and the independent variables are formed by the coded attribute levels The 
estimated regression coefficients are then interpreted as the part-worth utility contributions to 
the overall ratings of the profiles The primary difference between fitting the simple and 
multiple regression models is computational difficulty The (k + 1) simultaneous linear 
equations that must be solved to find the (k + 1) estimated coefficients βο, β ι, /?2 ßk are 
solved by a computer (McClave et al 1997) 
To include categorical attributes, like office building appearance, into the analysis, the 
attribute levels need to be coded An additional advantage of coding is that the estimated 
effects can be more easily compared across attributes Table 13 provides the coding scheme 
for effect coding for two to four level attributes (Mohn, 1999) Besides effect coding, one can 
also use dummy and orthogonal coding as possible coding schemes This study uses effect 
coding due to the advantage of its clarity of interpretation 
Table 13. Effect coding for two-to three-level attributes (Molm 1999) 
Levels 
0 
1 
2 
Parameters to be estimated 
Two levels 
1 
1 
fl 
Pi 
1 
0 
1 
a-
ß, 
Three levels 
0 
1 
1 
Ö 
fr 
In the case of a three level attribute, the parameters β ι and /î? are estimated The part worth 
utility of each attribute level is calculated by multiplying the estimated parameter with its 
code and summing the results across indicator variables (coded columns) For example, the 
part-worth utility of the first level of a three level attribute is calculated by /?/ * 1 + βζ * 0 = 
βι Likewise, the part-worth utility for the second level is equal to /?2 The part-worth utility 
for level two is calculated as β ι * -1 + /?2 * -1 = - (β ι + ßi) If effect coding is used, the sum 
of the part-worth utilities across the levels of a particular attribute is by definition zero 
Furthermore, the estimated regression intercept is equal to the mean observed overall utility of 
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the profiles Therefore, the estimated regression coefficients can be interpreted as the 
contribution of the attribute levels to the overall utility expressed as the deviation from the 
regression intercept, which is the mean observed overall utility (Molin, 1999) 
Furthermore, in this study it is also interesting whether groups have significantly 
different preferences In particular the differences in preferences between different 
organisations' characteristics are of interest In general, the procedure conducted to identify 
differences between groups is as follows Suppose we want to examine whether group A 
respondents differ significantly in their preferences as compared to group Β respondents For 
respondents in group A, the analysis design is replicated and the columns with the coded 
attribute levels of the replication are multiplied by +1 and for the respondents of group Β the 
analysis design is replicated and the columns with the coded attribute levels of the replication 
are multiplied by -1 Consequently, in addition to the original set of parameters a new set of 
parameters is estimated, the so-called contrast parameters For these contrast parameters that 
significantly differ from zero (t-test), the part worth utilities significantly differ (and hence the 
preference model) between group A and Β (Marchau, 2000) 
4.3.6 The validity of preferences and choices (ad 0 
Once the preference model has been estimated, it can be used to predict preferences for any 
combination of attribute level in the experimental design For continuous variables it is also 
possible to base the prediction on interpolation Furthermore, the estimated preference model 
can be applied to simulate location choices It should however be kept in mind that although 
the model is a strong explorative tool in describing location attractiveness and the role of ITS, 
it is necessary to test its validity in a choice experiment and later, 'if possible', in a revealed 
preference study In general, a disadvantage of stated preference expenments is that 
respondents only state a preference, which cannot be used for behaviour prediction without 
additional validity research Consequently, the validity of SP or HII research might be 
threatened, if it is not internally and externally tested (Van der Heijden, 1986, Van der 
Heijden & Timmermans, 1988, Kroes & Sheldon, 1988, Fujii & Garling, 2003) For example 
Khattak et al (1993) found that SP/HII models did give good representations of preferences, 
but they also warn of overestimating scores of preferences 
There are two main types of validity which can be tested The first is to test the 
internai validity of the models The analysis of the internai validity might reveal possible 
explanations for a deviation between predicted behaviour and observed behaviour that relate 
to the structure of the model The model might for example use errors in its decision rules or 
calculation rules Furthermore, it is possible that the model is based on a set of 
attributes/parameters that are too limited Existing errors in the model and/or the omission of 
important variables could cause structural problems with the internal consistency and validity 
of the model The internal validity can be judged from the significance level of attributes (in 
this research when α < 0 01), goodness-of-fit, and prediction of the responses for so-called 
hold out profiles (Bradley, 1988) Hold out profiles are randomized profiles used in the 
measurement task They are not used to estimate the model but enable comparison of the 
actual ratings for the holdout profiles with the ratings predicted by the estimated model By 
conducting statistical calculations the internal predictive strength can be tested The internal 
validity results, in the form of the significance level of the attributes and prediction of the 
response for hold-outs, are desenbed in chapter 5 
The second test on validity concerns the external or predictive validity This second 
test might reveal deviations between the preference score and the observed choices which can 
be found in the model's limited ability to generalise for SP/HII outcomes According to 
Wardman (1988) the best analysis of the predictive validity of an SP/HII model is to compare 
research based on stated prcterences with research based on observed choices in different 
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contexts. Tests on the external or predictive validity of the SP/HII on office locations can be 
performed by providing respondents with 'real life' office locations representing the variety 
of profiles included in the SP/HII. The estimated model predictions can be compared with 
observed preferences ratings and tested for significance with a so-called statistical /-test. The 
external validation is therefore studied by simulated ITS implementations in two Dutch cities 
and by using realistic office location profiles. This study is described in chapter 6. 
4.4 Data collection approach 
A widely used approach to collect data about an organisation's location preferences is by 
conducting a survey. In general there are three approaches to collecting data by surveying 
(Sapsford, 1999). The first is by using a face-to-face survey. An advantage of this type of 
surveying is that the background to the respondent's evaluation process is understood by the 
researcher. The respondents are also not "educated" by any misperceptions he/she might 
currently hold about for example the three ITS related transport concept. Finally, complete 
alternative specifications can be provided, since individuals perceive concepts as a whole 
(that is, as products) rather than as the sum of a number of separate factors (Kroes & Sheldon, 
1988). An alternative to face-to-face surveys is to use a web-based questionnaire. The 
advantage of this type is that the practical effort of conducting a large survey is reduced. The 
advantages of using the internet are: an easy way to approach international respondents, a fast 
way of collecting data, easy data entry and smooth data-analyses (Sills & Song, 2002). A 
disadvantage of web-based questionnaires is the high non-response rate, selective response, 
confidentiality concerns and technical problems. A third way is to opt for mail-back surveys. 
The advantage of this is that it is fairly common and practical because of the existence of 
company mailing files. It also allows the researcher to approach many respondents very 
easily. A disadvantage however is the selective response, which is difficult to control by the 
researcher. 
The preconditions for the SP/HII study, in terms of time and money, do not allow for a 
face-to-face survey of organisations, neither by telephone nor by appointment. Furthermore, 
considering the disadvantages of setting up a web-based questionnaire and successful 
experiences with mail-back surveys in combination with Staled Preference/Choice in the past 
(see e.g. Kroes & Sheldon, 1988) it was decided to set up a mail-back survey. Mail-back 
surveys can be used for stated preference methods provided that the task for the respondents 
is fairly easy and well explained. In this respect the presentation of the three ITS related 
transport concepts in the questionnaire remains an important issue when using mail-back 
surveys. According to Arentze et al. (2003) one can use pictorials and descriptions to explain 
unfamiliar concepts. They will not influence the reliability of the research, provided that they 
are explained well. In the SP/HII study the three ITS related transport concepts arc explained 
in two main ways. Each concept is explained by a textual description supported by two artist 
impressions . The second way is, for better guidance, to use pictograms each time an attribute 
or attribute level refers to an ITS related transport concept. 
4.5 Selection of the population sample 
The research population in the SP/HII study are all office keeping organisations in the 
Netherlands. In order to select the appropriate research sample from the research population 
the REACH8 database, with information about all organisations in the Netherlands, was used. 
This data browser is accessible through the Radboud University network. It includes 
information about all companies in the Netherlands and enables easy demarcation of 
* REACH is a subscription based web browser that collects information on all organisations in the Netherlands 
The browser is privalely owned by Elsevier Business Intelligence and Bureau van Dijk Electronic Publishing 
and receives information from the Dutch Chambers of Commerce. 
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organisation samples, including mailing addresses, based on a wide vanety of criteria, such as 
organisation's size, branch etcetera For this research three criteria were applied to select the 
population sample, of which the first two specifically apply to characteristics of the 
organisations and the third to a practical issue of selecting the appropnate sample size taking 
into account possible non-response 
1 ) The specification of the size of cities to select the organisations from, 
2) The specification of organisation types to be included, 
3) The number of organisations to be included in the sample 
Ad 1 ) First, based on the assumption that the respondents should preferably not operate in a 
very complex office market and spatial-intrastructural configuration, four smaller urbanised 
regions, including fourteen medium-sized (at least according to Dutch standards) cities 
(130,000 - 200,000 inhabitants), were selected The regions and the cities are presented in 
Table 14 The fourteen cities form four of the six so-called 'national city networks' in the 
Netherlands (National Spatial Strategy, 2004) 
Table 14. Population city sample9 
National City Network 
Brabantstad 
Zuid-Limburg 
Twente 
Groningen/Assen 
Cities included 
Breda, Tilburg, Den Bosch, Eindhoven, Helmond 
Maastricht, Heerlen, Sittard, Geleen 
Enschede, Hengelo, Almelo 
Groningen and Assen 
In order to select comparable regions, a fifth city network, the Randstad agglomeration, 
including Rotterdam and Amsterdam each with more than one million inhabitants, was 
considered as having more complex spatial characteristics than the fourteen selected cities and 
was therefore excluded from the population sample The second national city network that is 
omitted is the region of Arnhem and Nijmegen, because this region will function as a validity 
case for the research, which is described in chapter 6 
Ad 2) A second cntenon is to stratify the sample by only including specific types of 
organisations The stratification is based on an often used organisation typology on the 
national level, which is used by Louw (1996), and has already been presented in detail in 
Table 2 in chapter 2 The typology is based on the office market and specifies the accessibility 
and location preferences of office keeping organisations This implies that only office keeping 
organisations within the service- and non-profit-sector are selected Important sectors like 
production, logistics or retail industries are not included as these organisations generally do 
not occupy stand alone office buildings and as such are not considered to provide valid 
evaluation data Table 15 shows the typology The left column describes the five organisation 
types, each with specific location preferences The right column shows detailed registration 
codes used to typify an organisation's business branch In this research the codes are used to 
make a tangible selection for the five types of organisations The branch code that is used is 
called BIK (Bedrijfsindeling Kamers van Koophandel) and can be translated as Company 
classification Chamber of Commerce" It is comparable with the Dutch so-called Standaard 
Bedrijfsindeling (SBI), translated as Standard Company classification, which is used by the 
' Maaslnchl also includes Maastricht Alport (gem ) and Sittard Geleen is regarded by REACH as one 
municipality 
10
 Sec appendix A 2 lor a clear distinction based on BIK codes 
1
 ' List file of BIK codes obtained Irom the Chamber of Commerce internet site at 
http //assets kvk nl/assets/Landelijk/produclassels/BIK2002 02 pdf 
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Dutch national Central Bureau of Statistics (CBS) The codes are used to classify the 
organisations in the paper mailing and are explained in Table 15 
The selection of company classification categories was based on the logical match 
between the general descriptions given in the original typology (see Table 2 in chapter 2) and 
the descriptions of the classification categories Some elements of the selection procedure 
need additional explanation Firstly, note that the only difference between visuals and 
ambulatories is the amount of employees working at a specific location - ambulatories are 
organisations with less then twenty employees and visuals have twenty or more 
Organisations with both typologies have the same classification codes Furthermore, note 
that, in the case of modals, the original typology description also includes industries and 
transport companies In the selection of classification codes, however, only the codes are 
included, which are considered both as modals and are located at other spots than industries 
or transport companies 
Therefore, from the list of BIK codes, only the following codes were included1" 743 
inspection/assaying and control, 747 - cleaning of buildings and transport services and 748 
photographic development places Before the final population sample is set up, it was decided 
to only include organisations with a minimum size of four employees The reason for this is 
that really small organisations (one to three employees) are too often located at private home 
addresses and use their residential location as their business address These home-based 
organisations are assumed to provide non valid trade-offs regarding office location choices 
12
 This Chamber of Commerce distinguishes these organisations as facihlating services (see appendix A 2) 
66 Office location choice behaviour and Intelligent Transport Systems 
Table 15. BIK-codes per typology for organisation selection 
B1K codes 
Stationeries , Real estate rental 
' 70201 - Housing corporations and foundations 
70202 - Local housing organisations 
Governmental organisations 
I 751 - Public (local/provincial) government 
751 - Social security 
Health care related organisations 
8515 - Outpatient dimes (without beds) for curative health care e g abortion clinics 
1
 8516 - Organisations for preventive health care 
85171 - Medical laboratories 
| 85173 - Advising organisations for health care 
8531 - Health care with beds e g houses for handicapped people 
8532 - Non medical health care for juveniles and handicapped people (non-housing) 
8533 - Kindergartens, social workers social cultural work and other care 
8534 - Other care (e g advising bodies for health care) 
Workers and employers organisai ions, political organisations 
1
 911 - Companies, employers' organisations 
912 - Employées' organisations 
Modais Provision of services 
743 - Inspections services/assaying and control 
74701 - Cleaning of buildings 
748 - Photographic development places and call centres 
| 93031 - Undertakers 
Visuab Financial orpamsations 
651 Banks (also co operative banks) 
652 Mortgage banks Building funds and brokers 
I Insurances and pensions 
660 - Insurances and pensions, damage insurance 
Financial markets, stock exchange, administration offices for stocks 
671 - Options and stock exchange, administration for stocks, mortgages and credits, banks and safe agencies 
672 - Insurance markets, damage expertise 
l Rental of and trade in real estate 
701 - Project development and trade in real estate 
70203 - Rental of housing 
1
 70204 - Rental of real estate 
703 - Intermediate in office keeping 
I 
Computer services and information technology 
I 72 - Computer-services 
Research and development work 
73 - Research and development activities 
Ambulaiones BIK code same as visuals (previous) but with employees <20 
Classic tits Provision of services 
741 Research and advice bureaus (lawyers notanes) 
742 - Architects and technical design 
744 - Advertising agencies 
745 - Temping agencies 
Health care related organisations 
8512 - Medical surgenes (doctors psychiatrists and medical specialists) 
ι 8513 - Dental surgeries (dentists, dental surgeon, orthodontist) 
8514 - Surgenes of gynaecologisLs, paramedics, psychologists and alternative healers and dieticians 
1 λ
 List-file of BIK codes obtained from the Chamber of Commerce intemet-site at 
http //assets kvk nl/assets/Landelijk/productassets/BIK2002-02 pdf (2002 codes) 
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Ad 3) Thirdly, for a realistic representation of the population, a stratified sample was chosen, 
according to the typology as defined in Figure 15. The stratification was based on the rule of 
thumb that the smallest response group has to include at least 40 respondents (Sapsford, 
1999). This rule, which is based on the validity of statistics, means that the smallest group of 
organisations, which are the visuals, has to include at least 40 organisations. Based on the 
national figures on organisation types, shown in Figure 15 and the corresponding pie chart, 
this results in a preferred future response group of about 570 organisations to perform the 
analysis on. 
Netherlands 
Stationeries 
Moduls 
Visuals 
Ambulatories 
Classicists 
Total 
n
0 
10,037 
9,164 
6,692 ! 
33,419 
36,093 
95,405 
% 
10.5 
9.6 
7 
35 
37.8 
100 
Cases 
60 
55 
40 
200 
215 
570 
Figure 15. Table and pie chart: percentage ι 
According to Dennis (2003) this type of surveying has a maximum level of about 90% non-
response. Hence, a total of about 5700 organisations has to be included in the population 
sample. The expected high non-response percentage is based on reported response rates in the 
literature for similar studies as well as the fact that the questionnaire is sent directly to the 
director(s), assuming that this will provide more reliable and valid results but a lower 
willingness to participate in the research. 
An exception to the stratification numbers from Figure 15 is to double the number of 
visuals that are included in the mailing. This choice is made for two reasons. At first because 
it is believed that visuals will have an even lower response rate because it concerns bigger 
organisations, and consequently the respondent - director or board of directors - is more 
difficult to approach14. Secondly, as 40 is the absolute minimum it is necessary to minimize 
the chance of having less than 40 organisations for a valid estimation of sub-models and 
related data analyses. After 'cleaning' the data file15 4808 organisations were selected that 
met the sample criteria. 
14
 In REACH it is also possible to get mailing lists from the data selection and mail the 'first person". According 
to the Dutch Chamber of Commerce (www.kvk.nl) the 'first person' is either the owner of the company or, a 
partner in the trading partnership or the director/manager of the legal person. If none of these persons is residing 
in the Netherlands, then the person which is supervising the daily activities of the organisation needs to register 
the organisation in the registry. 
l5The final mailing list was checked for doubles (organisations that had more than one account in the same data 
file) and for visuals all files without a first name were left out. Doubles were also checked for by subscription; if 
doubling occurred then the oldest subscription was deleted. Doubles were only deleted when filed in the same 
place, with the exception of subscriptions which had the same name. Then the oldest account was deleted, 
assuming relocation. 
^ ^ ^ ^ 10% 
^V ^^^^Ä : • 1 Stationeries 
Hr^^^fl Η D2 Modals 
^ v ^ D4 Ambulatories 
^W 1 is Classicists 
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4.6 Final questionnaire 
After the selection of the sample population the developed questionnaire was tested for its so-
called 'face validity', the complexity, the use of appropriate language, the right scale size16 l7 
and the overall length18. As the tests revealed no difficulties or errors only minor changes 
were made, especially in the lay-out. After finishing the questionnaire the organisations from 
the population sample were approached. The questionnaire was accompanied by a letter in 
which the research was briefly introduced19. If the name of the director was not available in 
the file, the envelope was addressed to the board of directors. The respondents were promised 
a copy of the report. The data collection look place in June 2005. 
The questionnaire contained four parts20. The first part consisted of general questions 
about the responding organisation's characteristics: branch activity, organisation size, zip 
code, expectations on relocation and number of visitors per day. To gain insight into the 
reliability of the provided answers a question was included asking to what extent the 
respondent had influence on the location decisions of the company. It is assumed that a higher 
score indicates more reliable answers in terms of the preference of one person (the 
respondent) representing the preference of an organisation. 
The second part of the questionnaire included the introduction of the three ITS-related 
transport concepts with a description in text and two artist impressions for each concept 
(summarised in Text box 4). In the description of the profiles, additional support was given to 
the respondents in terms of representing the ITS related transport concepts by pictograms. The 
respondent was asked whether they consider the ITS related transport concept realistic and 
contributing to better accessibility within the urban region. The answers to these questions 
were expected to give some more understanding of potential low or high scores for certain 
profiles including certain ITS attributes in the third part of the questionnaire. 
The third part of the questionnaire included the 'accessibility' experiment. 
Respondents were asked to evaluate, by giving a score on a ten point scale, each of the 11 
constructed accessibility profiles (1 example profile, 2 hold outs and 8 profiles). 
The fourth and final part of the questionnaire involves the second experiment, dealing 
with the location profiles (including accessibility rates). In this part respondents are asked to 
evaluate, by giving a score on a ten point scale, the 21 location profiles (1 example profile, 2 
16
 A six point scale was used for the respondent's responses to the proposition. The first alternative was to use a 
seven point scale, m which the respondent is able to give a neutral answer A second alternative is lo use a 
specified category of no opinion in case tor example the respondent has no idea because his knowledge on the 
subject is lacking According to Brinkman (2000) the middle category is commonly used as an escape in 
responding to the question. This was not the purpose of the research and would lead to measure-errors The 
suggestion was to use a 'no opinion' category in case the subject was unclear to the respondent. This could for 
example be the case of internet use Some people might not have internet and cannot answer the question The 
suggestion to use a middle category as 'neutral' is for example practical when issues are used that might need a 
nuanced answer, such as questions about ihe death penalty This is not the case for this questionnaire. The 
information was presented wilh the use of illustrations, so a 'no-idea' alternative is not necessary. Furthermore, 
the question docs not concern a sensitive issue Since the most important reason is to discover if they agree or 
not, a six point scale is used. 
A ten point scale was used lor judging ihe profiles This way of judging is widely accepted in the Netherlands 
as scholars are always judged by this scale. This accounts for primary school, secondary school and universities 
as well The scale is as follows: I = lemble, 2 = very bad, 3 = bad, 4 = mediocre, 5= just insufficient, 6 = 
sufficienl, 7 = reasonable, 8 = good, 9 = excellent and 10 = perfect or outstanding. Thus a 5.5 is on the edge and 
depends upon the school or judging system whether it is sufficient or not An average of 8 is considered a Cum 
Laude graduation 
8
 The test results are denved trom six respondents, representing three companies and one non-profit 
organisation from Nijmegen, one company from Wageningen (a city which is not included in the research 
population) and one company Irom Maastricht 
'
9
 Sec appendix A.l 
20
 See appendix A.l 
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hold outs and 18 profiles). To simulate relocation behaviour, the respondents are asked to 
presume that they will have to relocate the organisation. 
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Text box 4. Descriptions and impressions of the three ITS related transport concepts21 
Automatic car lane 
The automatic car lane involves one dedicated lane per 
driving direction added to the existing motorway. Cars 
equipped with a so-called Autopilot are able to drive fully 
automated in this lane. The Autopilot guarantees that the 
car keeps automatic distance to the preceding vehicle 
(longitudinal control) and that the car keeps driving 
within the lane (lateral control). Due to automatic 
guidance by traffic management the travel time on this 
lane is guaranteed. To use the lane, drivers need to pay a 
fare. The automatic car lanes connect major parts of an 
urbanised area. 
Automatic bus lane 
The automatic bus lane consists of a semi-electric driven 
bus which uses a dedicated lane. The bus has right of way 
at junctions. The bus timetable is based on high 
frequencies of bus departure and arrival. The bus drives 
fully automatically and does not need a driver. Instead, a 
supervisor is present on the bus to control the vehicle and 
passengers. Passengers receive real time information on 
departure and arrival times of the bus. Furthermore, the 
passenger is guaranteed that the bus will keep to the time 
schedule. The automatic bus lanes connect important 
activity centres within a city region. 
People Mover from Park and Ride 
The People Mover from Park & Ride offers car drivers 
the possibility to park the car in a Park and Ride facility 
and to finish the trip by using a People Mover vehicle. 
The People Mover is a small (± 15 passengers) vehicle 
which is fully automated. Car drivers that want to use the 
People Mover from Park and Ride are already informed 
in the car about available parking places. The People 
Mover departs with a high frequency. 
The People Mover from Park and Ride has an unlocking 
function for, for example, office parks. 
The term 'Autopilot'. to explain the automatic car lane, was chosen as an alternative for only describing the 
functionality of driving automatically. The assumption is that in future this functionality will be presented in 
product style, and that it will also be regarded as such by consumers. In this way the respondent views this 
important element of the ITS-based modality as a new transport concept resulting from new car technology. 
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4.7 Conclusions 
To study the influence of three ITS related transport concepts a specific form of SP was used, 
HII The SP/HII approach was based on the assumption that office keeping organisations 
process information about locations in a hierarchical manner first accessibility attributes are 
traded off against each other and secondly general location attributes (including accessibility) 
are traded off against each other In performing such SP/HII many operational decisions 
needed to be taken Each decision was weighted against the object of this study to give insight 
into the relative importance of three ITS related transport concepts in office relocation Based 
on specific criteria, it was then argued that first ITS is incorporated in an accessibility trade 
off with two conventional transport concepts, each of the attributes having two levels Next, it 
was assumed that accessibility is incorporated in a trade off with four other overall location 
attributes, all attributes having three levels In this trade off compensatory mechanisms were 
assumed Furthermore, it was argued that the estimation of interaction effects is less important 
then the total task load for respondents Only main effects models, based on part worth utility 
evaluations, were estimated To analyse these, utility evaluation parameters were el feet coded 
and constructed into profiles using orthogonal schemes, so-called 'Addelman' designs 
The survey was based on a mail back questionnaire focussing on a response group of 
about 570 respondents A mail back survey was chosen because it was assumed that it would 
provide both a reliable and an easy way to approach organisations for the research Based on 
different selection criteria mainly companies from the service sector and some non-profit 
organisations are selected in the population sample The questionnaire used pictograms and 
artist impressions as aids to understanding the use of the three ITS related transport concepts 
as attributes in the experiments 
Chapter 5 desenbes the main results in the form of part worth utility estimates for the 
attributes 
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Chapter 5 
Results of the SP/HII study 
5.1 Introduction 
This chapter describes the results of the SP/HII study The goal of this study is to test 
the influence of the three ITS related transport concepts on accessibility preferences and the 
influence of accessibility on location preferences 
Section 5 2 describes the main characteristics ol the response group Section 5 3 
describes the appreciation of the response group for the three ITS related transport concepts 
Section 5 4 shows the main results from the accessibility and general location experiment 
Section 5 5 shows the results for the tests on internal validity of the accessibility and general 
location model Section 5 6 describes a hypothetical illustration of the influence of ITS on 
location preferences and choices Section 5 7 describes an analysis of the data by 
distinguishing between segments such as organisation type and size Section 5 8 describes the 
role of appreciation of the three ITS related transport concepts in the preference ratings for the 
concepts Section 5 9 concludes the chapter 
5.2 The response group 
In total, 404 questionnaires were returned (response level 8%), of which 372 were useful for 
further analysis Although the response rate was quite low, it is close to the 'average' rate for 
this type of questionnaires given the main characteristics length, complexity and only one 
mailing (see for example, Dennis, 2003) Table 16 shows some characteristics of the response 
group. Considenng the segment office type, all types are well represented although the largest 
group of organisations is located in an old mansion in a respectable neighbourhood 
Furthermore, the largest group of organisations operate in advisory services, although the 
other sectors are also well represented Only a small part of the research group includes 
organisations having more than 50 employees while most of the organisations have 10 
employees or less working at the office in question However, it should be noted that the 
average size of the organisations in the research group (25) is higher than the average in the 
research population (2). An explanation for this observation is the criterion that only 
organisations with more than three employees were invited to participate 
73 
74 Office location choice behaviour and Intelligent Transport Systems 
Table 16. Response group characteristics 
Organisation typology 
Ambulatories 
Classicists 
Modals 
Stationeries 
Visuals 
Branch activity 
Advisory services 
Facilitating services 
Financial services 
Non-profit 
Company Size (employees working full time at 
office) 
1 to 10 employees 
11 to 20 employees 
21 to 50 employees 
51 to 200 employees 
201 to 5000 employees 
Present Office type 
Old mansion in respectable neighbourhood 
Functional building in residential area 
Modern building in office park/boulevard 
Absolute (n=372) 
112 
148 
28 
40 
44 
155 
93 
64 
_ _._ 45 ^ 
187 
82 
66 
24 
12 
i 
159 
108 
102 
Relative (100%) 
30% 
40% 
8% 
11% 
12% 
43% 
26% 
18% 
13% 
51% 
22% 
18% 
6% 
3% 
43% 
29% 
28% 
Figure 16 shows the number of responding organisations per city. It is clear that the number 
of respondents was higher in the larger cities such as Eindhoven, Groningen and Den Bosch, 
whereas Helmond provided the lowest number of respondents. 
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Figure 16. Respondents according to city location 
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Furthermore, Table 17 shows the influence of the respondents on the decision making process 
if the organisation relocated, measured on a six-point scale. The table shows a mean of 5 and 
a median of 6. That means that it is valid to assume that information on the organisations' 
location preferences can be based on only one representative per organisation. 
Table 17. Respondent influence on relocation process using a six-point scale 
Note: ' 1 ' denotes 'no influence at all' and '6' 'full influence' 
N=372 Median 
Influence of respondent on decision making 6 
process relocation 
Mean 
5 
Standard Deviation of 
Mean 
1.6 
5.3 Appreciation of ITS related transport concepts 
Table 18 shows the results of the measurement of the appreciation for ITS related transport 
concepts on a six point scale. The respondents were not fully convinced that the automatic car 
lane and the people mover from the Park & Ride were realistic transport concepts. However, 
on average they were also not sceptical about these concepts. The respondents found the 
concept of the automatic bus lane somewhat more realistic. When asked to judge their 
feelings on the effect of the ITS related transport concepts on the overall accessibility of the 
area, the respondents indicated that they expected the automatic bus lane to have the highest 
impact. Overall, however, the differences between the means and between the standard 
deviations are quite small. 
Table 18. Appreciation measurement 
Note: '1 ' denotes really unrealistic/sure no improvement 
N=372 
Automatic Car Lane 
a. Is this a realistic transport concept? 
b. Improvement of accessibility in region? 
Automatic Bus Lane 
c. Is this a realistic transport concept? 
d. Improvement of accessibility in region? 
People Mover from P&R 
e. Is this a realistic transport concept? 
f. Improvement of accessibility in region? 
and '6' really realistic/ surely great 
Median 
4 
4 
5 
4 
4 
4 
Mean 
3.80 
3.98 
4.27 
4.05 
3.90 
3.84 
improvement 
Standard 
Deviation of 
the mean 
1.45 
1.36 
1.38 
1.37 
1.46 
1.34 
5.3.1 Differences for appreciation between segment groups 
An important part of the appreciation analysis is to test whether two or more means for any of 
the six questions in Table 18 ('a' to ' f ) differ between segments, which are based on specific 
group characteristics. For this test a variance analysis can be performed for the four group 
characteristics (typology, branch, size and office type) described in Table 16 and the group 
characteristic described in Figure 16 (city origin). 
The variance analysis is conducted with an F-test. Values of the F-statistic near 1 
indicate that the sources of variation, between segment means and within segments, are 
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approximately equal In that case, the difference between the segments may well be 
attributable to sampling errors, which provides little support for the alternative hypothesis that 
the research group segments differ Values of F well in excess of 1 indicate that the variation 
between segment means well exceeds that within segment means and therefore supports the 
alternative hypothesis that the research group segment means differ (McClave et al, 1997) 
Once significant vanances between segments are revealed, so-called post hoc tests can be 
performed to gain insight into which segments differ significantly from each other The 
relevant outcomes of the F-tests are shown in this section in different tables The outcomes of 
the post hoc tests are integrated in the text 
The F-test for vanance analysis was performed by a one way ANOVA The first test is 
on differences between organisation types The F-value is not significant for any of the six 
questions The second test is on differences between organisation size The F-test showed no 
significant differences for any of the six questions The third F-test is on organisation branch 
segments Tests show a significant F-value for question c, illustrated in Table 19 Table 19 
shows the mean values for the different branch types Especially advisory services think that 
the automatic bus lane is a realistic transport concept Tests show a significantly higher score 
from advisory services than from facilitating services for attitude question c 
Table 19. Variance analysis for organisation branches 
Automatic bus lane 
c Is this a realistic transport concept9 
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4 529 (0 004) 
The fourth test is on differences between organisations with a different settlement type The 
F-test shows a significant F-value for question b, illustrated in Table 20 Table 20 shows the 
mean values for the different settlement type segments The test shows that the score for 
question b from organisations that are settled in a modem building on an office 
boulevard/park is significantly higher than the score from the organisations that are settled in 
a functional building in a residential neighbourhood 
Table 20. Variance analyses for organisations type 
Automatic car lane 
b Is this a realistic transport concept9 
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The fifth test is between the cities where the responding organisations are located The F-test 
shows significant F-values for question e, e and f Table 21 shows the F-values and the 
different means for these three questions 
Table 21. Variance analyses for city type 
Automatic bus lane 
c Is this a realistic transport concept 9 
People Mover from P&R 
e Is this a realistic transport concept 9 
f Improvement of accessibility in 
region 9 
c 
u 
cm 
c 
c 
2 
O 
4 4 
4 5 
4 2 
a 
Ό 
SÌ 
PQ 
3 8 
3 5 
3 3 
E? 
1 
Η 
4 1 
3 9 
4 0 
c 
υ 
> 
Ο 
s: 
•ο 
c 
Ü3 
4 8 
3 8 
36 
O 
S 
QQ 
Β 
υ Q 
4 1 
4 0 
4 1 
F-test (sign ) 
3413(0010) 
3 363(0 011) 
4 247 (0 002) 
Organisations from Groningen and Eindhoven think, therefore, that the automatic bus lane is 
a more realistic transport concept than organisations from Breda, Tilburg and Den Bosch For 
question c, organisations from Groningen score significantly higher than organisations from 
Breda, and organisations from Eindhoven higher than all other cities In addition, 
organisations from Groningen in particular think that the People Mover from a Park and Ride 
is a realistic transport concept The mean score for Groningen is significantly higher than the 
scores from organisations located in the other four cities Organisations from Groningen also 
give the highest score for the question of whether the People Mover from the Park and Ride 
will improve accessibility in the region 
A possible explanation for the higher score for questions e, e and f from organisations 
located in Groningen might be the public policy and discussion about the development of a 
new public transport system with a high service level This discussion is rather old and has 
not yet resulted in the implementation of a new public transport system (see Pnemus, 2001) 
A further possible explanation of the higher score for question c from organisations in 
Eindhoven is that there is already a concept in Eindhoven which closely resembles an 
automated bus lane (see e g Van der Heijden et al 2006) Hence they regard the automatic 
bus lane as more realistic 
5.4 Three ITS concepts and accessibility and location preferences 
This section is based on part three of the questionnaire and describes two aggregate models 
based on individual data The first model focuses on evaluating the three ITS related transport 
concepts in relation to accessibility The second model focuses on evaluating accessibility in 
relation to overall location preferences The results of model I and 2 are summarized in Table 
22 and Table 23 respectively They provide the following information The intercept of the 
regression equation is equal to the average rating whereas the regression coefficients represent 
the part-worth utilities of the attribute levels as deviations from this average rating The 
second column shows the part-worth utilities of the included attribute levels as well as the 
average utility for all the profiles (the intercept) The third column represents the significance 
of this contribution The fourth column indicates the importance of each attribute, calculated 
as the difference between the two part worth utilities of that specific attribute Furthermore, 
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the R square indicates the descriptive power of the model, and indicates the variance in 
individual ratings. 
Table 22 shows that the part-worth utilities for attributes related to accessibility are in 
the expected directions giving at least face validity to the estimated model. The low R square 
is considered weak: it confirms the large heterogeneity of the research population. As 
assumed, the two conventional transport concepts are considered by the respondents to have 
the largest influence on the accessibility level of an office location. 
Table 22. Results of part-worth utilities related to the five transport concepts 
Attributes 
Average utility (intercept) 
Motorway exit 
0) 1.5 km 
1)6 km 
Train station 
0) 250 meter 
1)3 km. 
Automatic bus lane 
0) 250 meter 
1) None 
People Mover from Ρ +R 
0) 250 meter 
l)None 
Automatic car lane exit 
0) 1.5 km 
l)None 
Part-worth 
utility 
i 5.802 
0.678 
-0.678 
0.560 
-0.560 
0.382 
-0.382 
0.269 
-0.269 
0.266 
-0.266 
Significance 
level 
0.000 
0.000 
0.000 
0.000 
0.000 
Importance 
(rank order) 
1.356(1) 
1.120(2) 
0.764(3)"" 
0.538 (4) 
0.532 (5) 
Rz = 0.244 ; N=372 
The part worth utilities indicating the effects of these conventional concepts of transport are 
substantially higher than the contributions of the ITS related transport concepts. Nevertheless, 
each of the ITS-related transport concepts is found to have a significant contribution to the 
perception of accessibility of office locations. Of the three ITS-related transport concepts, the 
automatic bus lane appears to have the largest influence on the preference model while the 
People Mover from the P&R facility and the automatic car lane are roughly considered to 
have an equal impact. Based on Table 22 we can reject the hypothesis that ITS related 
transport concepts do not contribute to the accessibility of office locations. 
Table 23 follows from the analysis of the second model: the aggregate analysis of the 
scores for the 'general location' profiles. The weak R square indicates the large heterogeneity 
of the research population. Furthermore, Table 23 shows that all attributes contribute 
significantly to the model. The respondents consider the availability of parking space as the 
most important aspect in location evaluations. As the second part worth utility is not 
significant, the utility function can be considered as linear, meaning that the utility is 
increased by the same amount whether the number of parking lots per 100 employees is 
increased from 10 to 30 or from 30 to 50. Both the attributes accessibility and rental/purchase 
costs should be interpreled as linear functions as well. The attributes internal use of space and 
the type of building are considered to be of relatively low importance in preferences for new 
office locations. 
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Table 23. Results of part-worth utilities related to the general location attributes 
Attributes 
Average utility (intercept) 
Parking Space (per 100 employees) 
0)10 
1)30 
2)50 
Accessibility judgment (10-scale rating) 
0)4 
1)6 
2)8 
Rental-Zpurchase cost per m7 year 
0)6 90 
1)6 130 
2)6 170 
Type of internal use of space 
0) Closed interior spaces 
1) Flexible spaces 
2) Different rooms + office garden 
Office building appearance 
0) Old mansion within respectable neighbourhood 
1) 'Functional' building in residential neighbourhood 
2) Modem building on office park or boulevard 
1
 Part-worth 
utility 
4.939 
-0.705 
0.050 
l 0.655 
-0.624 
0.017 
0.607 
0.493 
0.058 
j -0.551 
-0.282 
0.175 
0.107 
-0.009 
-0.108 
. 0.127 
Signifi­
cance 
level 
0.000 
0.044 
0.000 
0.580 
0.000 
0.052 
0.000 
0.000 
0.765 
0.000 
Importance 
(rank order) 
Ί.360(1) 
1.231 (2) 
^1.044(3) 
0.457 (4) 
0.235 (5) 
R2 = 0.208 ; N=372 
The attribute of secondary importance concerns the overall accessibility of the office location. 
The accessibility attribute was designed as a decision construct and consequently was linked 
to the first experiment. This means that interpretations regarding this attribute should be based 
on the findings in Table 22, which refers to the first experiment. For example, the attribute 
level 8 for 'accessibility' from the second experiment, indicating a very good accessibility 
profile, would match to a high degree the following accessibility profile from the first 
experiment: motorway exit at a distance of 1.5 kilometres, train station at 250 meters, an 
automatic bus stop at 250 meters, the People Mover from P+R facility at 250 meters and the 
automatic car lane at 1.5 kilometres. This profile would add much utility to the average utility 
value for accessibility (the intercept of 5.8). An overall utility for accessibility of 5.802 + 
0.678 + 0.560 + 0.382 + 0.269 + 0.266 = 7.957 would result (see Table 22). 
Summarizing, we can also reject the second hypothesis that accessibility does not 
contribute to the preference of office locations. The implication of both hypotheses will be 
explored in section 5.6, illustrating the influence of ITS-related transport concepts on the 
changes in overall office location preferences. 
5.5 Internal validity 
Hold-out profiles are included to enable tests on the internal validity of both models. Table 24 
shows the results of the one sample t-tests for the two hold-out profiles for both estimated 
models. It appears that for the accessibility model no significant difference can be found 
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between the calculated model scores and the respondents mean score For the overall location 
model, the average scores calculated by the model and the average scores from the 
respondents differ significantly but by no more than 10% of its calculated value On an 
aggregated level both models appear to predict profile scores accurately 
Table 24. The t-tests for hold out profiles 
N=372 
Accessibility model 
Hold out 1 
Hold out 2 
General location 
model 
Hold out 3 
Hold out 4 
Calculated 
by model 
4416 
6 068 
5 932 
3 334 
Average value by 
(respondent';) 
4 3978 
5 9489 
5 5403 
3 4960 
t value 
-0 209 
-1 346 
-4 155 
2 156 
Significance level 
(0 05) 
0 834 (not sign ) 
0 179 (not sign ) 
0 000 (sign ) 
0 032 (sign ) 
5.6 Hypothetical illustrations 
In the previous section, SP/HII models for the relationship between ITS related transport 
concepts and preferences for office locations were described Based on these models it is 
possible to hypothesize some of the implications for existing office locations Given the fact 
that the hypotheses stated in chapter 2 cannot be rejected, the models can be used to indicate 
the differences in attractiveness of unique office locations, assuming the introduction of 
different ITS concepts, compared to the current situation Abstracting from a real-world 
situation, let us consider a medium-sized Dutch city - approximately 150,000 inhabitants - in 
an urbanised region, with serious congestion problems on the main access roads during peak 
hours Let us consider two hypothetical office locations the Business Park and the Location 
West 
The left column in Table 25 shows the characteristics of the office locations The 
Business Park is a modem office location at the fringe of the city It is characterised by a long 
office boulevard with a train station and a motorway exit in close proximity The rental costs 
are average and parking availability is good Mainly service businesses are located there The 
second location reflects a functional business office park as part of a city renewal program 
The average rental price at Location West is lower than at the Business Park but its current 
accessibility is considerably worse The only ITS concept that makes sense for location 
Business Park is the automatic car lane concept, whereas accessibility of Location Wert can 
be improved by either of the two other ITS concepts The changes in preference scores are 
calculated for the estimated models Evidently, within the models a higher accessibility score 
of the locations causes a higher total preference score Table 25 illustrates that if 
policymakers decide to invest in a regional automatic car lane, this would probably increase 
the overall preference score for the Business Park Both its relative accessibility and overall 
location position within the office market would be slightly improved Alternatively, when 
policymakers decide to invest in an automatic bus lane network in the city or an automated 
people mover connection to a P&R along the highway, both contributing to a better unlocking 
of Location Wat, this would lead to such a high accessibility score that the overall preference 
score for this location would be higher than the present overall score for the Business Park 
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Table 25. Models impact: office location scores in different ITS implementations 
"Business Park" 
Train Station at 500 m. 
Motorway exit at 500 in. 
Modern office 
Flexible internal space 
€ 130/m2 per year 
50/100 parking places 
Accessibility score (variable) 
"Location West" 
Train Station at 2.5 km. 
Motorway at 2 km. 
Functional building 
Flexible internal space 
€90 / m per year 
50/100 parking places 
Accessibility score (variable) 
No 
investments 
Accessibility 
Score = 6.2 
Total 
location 
Score = 5.9 
Accessibility 
Score = 5 
Total 
location 
Score = 5.8 
Automatic 
car lane 
Yes 
Accessibility 
Score = 6.8 
Total 
location 
Score = 6.1 
No 
Accessibility 
Score = 5 
Total 
location 
Score = 5.8 
Automatic 
Bus lane 
No 
Accessibility 
Score = 6.2 
Total 
location 
Score = 5.9 
Yes 
Accessibility 
Score = 5.8 
Total 
location 
Score = 6.0 
People 
Mover -
P+R 
No 
Accessibility 
Score = 6.2 
Total 
location 
Score = 5.9 
Yes 
Accessibility 
Score = 5.6 
Total 
location 
Score = 6.0 
Table 25 shows some possible interesting implications of the applied models. Although the 
calculated changes and differences are not substantial, they might cause new dynamics in 
office locations in the long run. This could especially be the case if certain categories of 
office-keeping organisations (e.g. certain branches or a certain size) arc more sensitive to 
specific ITS-related concepts than others. This demands further differentiation of the 
aggregated accessibility model based on variation in characteristics of the responding 
organisations. This is described in section 5.7 and 5.8. 
5.7 Comparison of different segments for the accessibility model 
This section describes the effects between different segments, which arc based on the 
respondent's organisation characteristics. The effects are estimated using contrast parameters, 
estimated as interaction effects between parameters which pick up any preference differences 
between particular segments as explained in section 4.3.5. Figure 17 shows the different 
groups that can be distinguished on the basis of the survey questionnaire. Groups are defined 
by their characteristics: organisation type, organisation branch, organisation size, building 
type and organisation's city origin. For each of the segment groups a model with contrast 
parameters is estimated. 
The goal is to gain insight into significant differences for the accessibility model 
between segments within groups. Furthermore, the estimation of specific R squares for each 
submodel might reveal differences in heterogeneity per segment. The matrix in the bottom of 
Figure 17 shows how all segments within a group are tested bilaterally for significant 
differences between part worth utilities. For example a significant difference might be found 
between segment A (SA), for example stationeries, and segment Β (SB), for example modals, 
visible in the Figure 17 by the presence of two values: a certain part worth utility of SA vs. the 
same part worth utility of Sß. According to the example Box X| would then reflect two values 
that differ significantly. 
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Accessibility model segments comparison 
IH 
Characteristic 1 
Organisation 
type 
1 I 
Submodels 1: 
Stationeries (A) 
Medals (B) 
Visuals (C) 
Ambulatories (D) 
Classicists (E) 
1 
1 
A-seg 
-
ment A 
Β - segment Β 
C - segment C 
D - segment D 
E - segment E 
i 
Characteristic 2 
Organisation 
branch 
• 
Submodels 2: 
Financial (A) 
Facilitating (B) 
Advisory (C) 
Non-Profit (D) 
n: 
Characteristic 3 
Organisation 
size 
• 
Submodels 3: 
Small (A) 
Medium (B) 
Large (C) 
Big (D) 
n: 
Characteristic 4 
Building type 
• 
Submodels 4: 
Old mansion (A) 
Modern (B) 
Residential (C) 
ZL· Characteristic 5 
City origin 
τ 
Submodels 5: 
Groningen (A) 
Breda (B) 
Tilburg (C) 
Eindhoven (D) 
Den Bosch (E) 
Figure 17. Segment differentiation 
Characteristic 1: segments based on organisation type 
Table 26 describes the significant bilateral differences in part worth utilities between 
origination type segments. For example, in the accessibility model the part worth utility of the 
attribute motorway is 0.68. Table 26 shows a significant difference between stationeries 
(0.54) and visuals (0.68) and classicists (0.72) for this part worth utility. 
As indicated in chapter 2, stationeries are expected to be more interested in public 
transport based transport concepts than concepts that are car based. Table 26 shows that 
stationeries appear to prefer the proximity of a motorway exit less, compared to visuals and 
classicists. Furthermore, stationeries have greater interest in the automatic car lane than 
modals. Also, stationeries show more interest in the train station than modals and 
ambulatories. Furthermore, they show more interest in the automatic bus lane than visuals and 
ambulatories. And finally, the strongest difference between stationeries and modals, visuals, 
and classicists concerns the People Mover from Park & Ride. Stationeries prefer the vicinity 
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of this concept more than the other segments. Thus it seems that the results are in line with the 
preference for public transport based concepts that is expected from stationeries. 
Based on the description of the organisation type of modals in chapter 2, modals are 
expected to prefer the motorway and the automatic car lane. According to Table 26 they have 
an average preference which is significantly lower than that of stationeries but higher than 
ambulatories, concerning the part worth utility of a train station. Modals prefer the automatic 
car lane significantly less, compared to stationeries, classicists and visuals. The third 
significant difference is that modals prefer the automatic bus lane more than visuals, 
ambulatories and classicists. Thus it seems that the results differ from what was expected 
from ambulatories: there is no clear significant higher preference between modals and the 
other segment types for car based transport concepts. 
Visuals are expected to prefer nothing in specific in comparison to the other 
organisation types. According to Table 26 visuals prefer the conventional transport modes 
over the new ITS concepts and regard the automatic bus lane as the most attractive ITS 
concept. 
Similar to modals, ambulatories are expected to have a strong preference for private 
car based concepts over public transport based concepts. The preference of ambulatories for 
the motorway is similar to most of the other organisation types. In the case of the train station, 
ambulatories show a much lower interest when relocating, compared to all other organisation 
types. The automatic bus lane is also not considered as attractive compared to stationeries and 
modals which think it is more attractive. Ambulatories do not significantly prefer the People 
Mover from Park & Ride more or less than the other organisations. 
Classicists have the lowest deviation from the average scores. They are also the largest 
group represented. They prefer motorways over train stations and conventional over ITS 
based concepts. From the ITS concepts the automatic bus lane is preferred the most. 
Table 26. Significant differences between organisation type 
Accessibility model 
Motorway(0.68) 
Stationeries 
Train Station(0.56) 
Stationeries 
Ambulatories 
Automatic bus 
(0.38) 
Stationeries 
Modals 
Visuals 
Ambulatories 
People Mover (0.27) 
Stationeries 
Automatic car (0.27) 
Stationeries 
Modals 
Visuals 
R2 
Stationeries 
(n=40) 
-
-
0.39VS.0.71 
-
-
-
0.31 vs.0.49 
-
-
-
-
0.24 
Modals 
(n=28) 
-
0.71 vs.0.57 
0.39 vs.0.54 
-
-
0.34 vs.0.54 
0.31 vs.0.54 
0.40 vs.0.20 
0.30VS.0.14 
-
0.27VS.0.13 
0.28 
Visuals 
(n=44) 
0.54 vs.0.68 
-
0.39 vs.0.67 
0.49 vs.0.35 
-
-
-
0.41 vs.0.23 
-
-
-
0.28 
Ambulatory 
(n=112) 
-
-
-
-
-
-
-
-
-
-
0.19 
Classicists 
(n=148) 
0.54 vs.0.72 
-
0.39 vs.0.63 
-
0.54 vs.0.40 
-
-
0.40 vs.0.24 
-
-
0.13VS.0.33 
-
0.30 
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The differences in R squares for the accessibility model show that the classicists, 
modals and visuals form a relatively more homogeneous group than stationeries and 
ambulatories. 
Characteristic 2: segments branch division 
The branch division is a second group characteristic. The branch type division focuses on 
business activities and is less based on spatial diversion or location interests than the 
organisation type division (characteristic 1). For that reason no hypotheses are formulated 
considering the expectation of a specific interest from one of the branch types for any 
transport concept. Table 27 describes the significant bilateral differences between branch type 
segments. For example, in the accessibility model the part worth utility of the attribute 
motorway is 0.68. Table 27 shows a significant difference between facilitating services (0.77) 
and advisory services (0.67) and non-profit organisations (0.57) for that part worth utility. 
Table 27 shows that especially non-profit organisations have different preferences for 
transport modes. These organisations show a lot more interest in the public transport based 
modes, including the ITS based concepts. This might be explained by their public function 
which means that it is important to be accessible to as many people as possible. It is 
especially striking to see that the automatic bus lane is the most important transport mode for 
these types of organisations, even more important than a train station or a motorway. The 
facilitating companies have more interest in locations which lie close to a motorway exit and 
are less interested in locations that lie closer to train stations. Finally, Table 27 shows that 
advisory companies are more interested in the automatic car lane exit, whereas financial 
organisations are less interested in this type of ITS transport mode. 
The differences in R squares for the accessibility model show that the non-profit 
organisations form a more homogenised group than the other branch segments. 
Table 27. Significant differences between branches 
Accessibility model 
Motorway (0.68) 
Facilitating services 
Train Station (0.56) 
Facilitating services 
Automatic bus 
(0.38) 
Non-Profit 
People Mover (0.27) 
Non-Profit 
Automatic car (0.27) 
Financial Services 
R2 
Financial 
(n=64) 
-
-
0.63 vs.0.28 
-
-
-
0.26 
Facilitating 
(n=93) 
-
-
0.63VS.031 
0.45 vs.0.24 
-
0.25 
Advisory 
(n=155) 
0.77 vs.0.67 
0.49VS.0.59 
0.63 vs.0.38 
0.45 vs.0.20 
0.13VS.0.33 
0.26 
Non-Profit 
(n=45) 
0.77 vs.0.57 
-
-
-
-
0.30 
Characteristic 3: segments organisations size 
Table 28 describes the significant bilateral differences between organisation size segments. 
For example, in the accessibility model the part worth utility of the attribute train station is 
0.56. Table 28 shows a significant difference for this part worth utility between big 
organisations (0.92) and small (0.52), average (0.62), and large (0.52) organisations. 
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Table 28. Significant differences between size of organisation 
* Small organisations = 1-20 employees 
* Average organisations = 21-50 employees 
* Large organisations = 55-95 employees 
* Big organisations = 100-4400 employees 
Accessibility model 
Train Station (0.56) 
Big 
Automatic bus (0.38) 
Small 
People Mover (0.27) 
Large 
Automatic car (0.27) 
Big 
R2 
Small 
(n=269) 
0.92 vs.0.52 
-
-0.05 vs.0.29 
-
0.23 
Average 
(n=66L. 
0.92 vs.0.62 
0.33 vs.0.53 
-0.05 vs.0.26 
0.34 vs.0.08 
0.33 
Large 
(n=17) 
0.92 vs.0.52 
-
-0.05 vs.0.37 
-
0.23 
Big 
(n=19) 
-
-
-
-
0.31 
Table 28 shows that big organisations attach more value to the proximity of train stations, 
average size organisations find the automatic bus stop more attractive than small 
organisations, large organisations are not interested in the People Mover from Park & Ride 
stop and that big companies are neutral towards the automatic car lane exit. The differences in 
R squares for the accessibility model show that average and big organisations form a more 
homogenised group than small and large organisations. 
Characteristic 4: segments settlement type 
Table 29 describes the significant bilateral differences between the segments according to 
settlement type. For example, in the accessibility model the part worth utility of the attribute 
motorway is 0.68. Table 29 shows a significant difference for the part worth utility between 
organisations that are settled in modem office buildings (0.83) and organisation that are 
settled in old mansions in respectable neighbourhoods (0.56) and in functional buildings in 
residential neighbourhoods (0.54). 
Table 29 shows that organisations that are settled within modern offices on office 
parks or boulevards have more interest in motorway accessibility than the other two types. 
This might be explained by a so-called self-preference effect: organisations located on 
modem office parks are mostly close to a motorway. Organisations that are settled in old 
mansions have more interest in the proximity of a train station. This might also be explained 
by a so-called self-preference effect: organisations in old mansions are mostly close to train 
stations and mostly located far from motorway access. Functional buildings have no 
significant differences. The differences in R squares for the accessibility model show that the 
organisations that are settled in a functional building form a more heterogenic segment than 
the other segments. 
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Table 29. Significant differences between settlement characteristics 
Accessibility model 
Motorway (0.68) 
Modem office building 
Train Station (0.56) 
Old mansion 
R2 
Old Mansion 
(n=108) 
0.83 vs.0.56 
-
0.30 
Functional 
Building (n=102) 
0.83 vs.0.54 
I 
0.74 v.s.0.42 
0.17 
Modern office 
building (n=159) 
-
0.74 vs.0.53 
0.28 
Characteristic 5: segments organisation's city origin 
Table 30 mainly provides the insight into the differences between the cities that have enough 
organisations to base analyses on. Cities with at least 30 organisations within the set were 
used for analysis: Groningen, Breda, Tilburg, Eindhoven and Den Bosch. Table 30 describes 
the significant bilateral differences between organisations according to city origin. For 
example, in the accessibility model the part worth utility of the attribute motorway is 0.68. 
Table 30 shows a significant difference for the part worth utility between organisations from 
Den Bosch (0.83) and organisations from Groningen (0.56), Breda (0.69) and Tilburg (0.61). 
Especially Den Bosch, Breda and Groningen differ from other cities. Den Bosch and 
Eindhoven score higher on the proximity of motorways, and Tilburg and Groningen a bit 
lower on that transport mode. Organisations from Den Bosch have less interest in the 
proximity of train stations compared with organisations from Tilburg and Eindhoven which 
are more interested in train stations. Organisations from Breda are less interested in locations 
that lie close to the automatic bus lane. Organisations in Tilburg are a bit more interested in 
the automatic bus lane and organisations in Groningen have a lot of interest in locations close 
to an automatic bus lane. 
Table 30. Significant differences between organisation's city origin 
Accessibility model 
Motorway (0.68) 
Den Bosch 
Tilburg 
Eindhoven 
Train Station (0.56) 
Breda 
Den Bosch 
Automatic bus (0.39) 
Breda 
Tilburg 
Groningen 
People Mover (0.27) 
Breda 
Eindhoven 
Automatic car (0.27) 
Breda 
Groningen 
R2 
Groningen 
( n = 5 4 ) _ 
0.83 vs.0.56 
-
0.74 vs.0.56 
-
-
0.18VS.0.57 
-
-
0.23 v.s.0.41 
0.16VS.0.41 
-
-
0.29 
Breda 
(n=34) 
0.83 vs.0.69 
0.60 vs.0.69 
-
0.41 vs.0.53 
-
-
-
-
-
-
-
0.20 
Tilburg 
(n=412. 
0.83 vs.0.61 
-
0.53 vs.0.67 
0.41 vs.0.67 
0.18VS.0.41 
-
-
-
0.16VS.0.27 
0.29VS.0.15 
0.41 vs.0.15 
0.29 
Eindhoven 
(n=56) 
-
0.60 vs.0.75 
0.53 vs.0.63 
0.41 vs.0.63 
0.I8VS.0.31 
-
0.57VS.0.31 
-
-
0.29VS.0.I9 
0.41 vs.0.19 
0.28 
Den Bosch 
(n=51) 
-
-
-
-
0.18VS.0.30 
0.41 vs.0,30 
0.57 vs.0.30 
0.23 vs.0.33 
0.16VS.0.33 
-
-
0.28 
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Concerning the second ITS related transport concept, namely the People Mover stop from 
Park & Ride facility, Table 30 shows that organisations from Den Bosch are more attracted 
than average to this concept and organisations from Eindhoven less so. Organisations from 
Groningen are the most interested in locations close to a People Mover stop for a Park and 
Ride facility. Organisations from Breda and especially Groningen have more interest in the 
automatic car lane than organisations from Tilburg or Eindhoven. 
The differences in R squares for the accessibility model show that organisations in 
Breda form a more heterogenic group than the other organisations. 
5.8 The role of appreciation of ITS in preference ratings 
An important explanatory factor for the preference scores might be the appreciation of the 
three ITS related transport concepts. It can be hypothesised that a higher appreciation score 
for a particular ITS concept leads to a higher score for the part worth utility of the ITS 
concept. To test this hypothesis six questions were included in the questionnaire survey (see 
Table 18) that concerned the appreciation of the three ITS related transport concepts. It 
concerned two questions per ITS concept. As described in section 5.3 one question focused 
on the perceived realism of the ITS concept and the second question focused on the perceived 
accessibility potential of the ITS concept. 
The structure of the appreciation analysis is similar to the analyses of differences 
between segments in section 5.7. Instead of using organisation characteristics, segments are 
now formed by the scores for the six appreciation questions. The hypothesis is that a higher 
score for one of the appreciation questions also reveals a higher score for the part worth utility 
for the ITS concept in question. For example a high score of 6 for appreciation question a (is 
an automatic car lane a realistic ITS concept?) is assumed to result in a higher part worth 
utility for the automatic car lane, than for the group that scored 1, which is the lowest score, 
for appreciation question a. 
The left column of Table 31 shows the groups based on their answer to one of the 
appreciation questions. The different rows show that significant differences are only found for 
questions b, c, d and e. There arc no significant differences between the score groups for the 
question a and/. Per question the row also describes the average part worth utility scores on 
the aggregated level. Table 31 shows the significant bilateral differences between the score 
groups. For example the group of organisations that scored a 3 on question /?, "is the 
automatic car lane contributing to better accessibility?", also scores significantly lower (0.11) 
on the part worth utility of the automatic car lane than the groups that score a 4 (0.27), 5 
(0.31) or 6 (0.42) for the same question. Table 31 shows a weak, not very consistent, trend 
that strengthens the thought that the higher the appreciation scores, the higher the part worth 
utility scores for the ITS related transport concept in question. This weak trend is visible in all 
of the four questions. 
~ Except for question 1 (do you think the Aulomalic Car Lane is realishc9) all score = I categones were too 
small (n<30) for valid analyses. 
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Table 31. Significant differences for part worth utility scores for appreciation 
b. Does an automatic car lane contribute to better accessibility? - Aggregated score for automatic car 
lane (0.27) 
Score -9 
Score = 2 
Score = 3 
2 (n=43) 3(n: =52) 4(n= 
0.11 vs 
c. Is an automatic bus lane a realistic transport concept? -
(0.39) 
Score -} 
Score = 6 
d. Does an 
Score -> 
Score = 5 
2 (n=33) 3(n=55) 
0.54 vs.0.33 
automatic bus lane improve 
2 (n=48) 
0.47 vs.0.39 
4(n 
0.54 vs 
= 104) 
.0.27 
Aggregated 
=74) 
.0.28 
5 ( n = l l l ) 
0.11 vs.0.31 
score 
5(n= 
6(n=4l) 
0.19 vs.0.42 
0.11 vs.0.42 
for automatic bus lane 
= 123) 6 (n=72) 
accessibility? - Aggregated score for automatic bus lane (0.39) 
3 (n=60) 
0.47 vs.0.22 
e. Does the People Mover from a Park & Ride 
Mover from Park and Ride (0.27) 
Score -} 
Score = 2 
Score = 5 
2(n=47) 
1 
3(n =63) 
4(n i=85) 
improve accessibility? 
4(n= = 109) 
5(n= = 114) 
- Aggregated 
5(n 
0.07 1 
=98) 
/s.0.28 
6(n=51) 
0.47 vs.0.39 
score for People 
6 (n=33) 
0.07 vs.0.38 
0.28 vs.0.38 
5.9 Conclusions 
The study presented in this chapter aims to explore the relative influence of new ITS related 
transport concepts on accessibility preferences and on general location preferences of office 
keeping organisations within urbanised areas. The strategy of using a SP/HII experiment in 
which organisations are confronted with new transport concepts supported by text as well as 
illustrations appeared to be fruitful. In total 372 organisations showed interest and filled in the 
questionnaire completely. 
A first important conclusion relates to the validity of the estimated model. Nearly all 
attributes where found to contribute significantly and in directions as expected, providing at 
least face validity, both in the case of the accessibility of the office location and the overall 
location experiment. The two experiments conducted also confirm that the location's 
accessibility plays an important role in relocations. The study shows, as expected, that the 
perception of accessibility is mainly related to conventional transport concepts. However, it 
was also found that the first hypothesis stated in chapter 2 cannot be rejected: the three 
specified ITS related transport concepts were found to contribute significantly to the 
accessibility of the location preference model. In line with the theory, this implies that we 
might expect a change in location preferences of office-keeping organisations for specific 
locations if certain specific ITS related transport concepts were implemented in a medium 
size city region. 
Secondly, of all the three ITS-related transport concepts the automatic bus lane had the 
largest contribution to the preference model. This difference in importance might be 
explained by the fact that the respondents on average consider the automatic bus lane to be 
somewhat more realistic than the two other concepts. This implies that organisations believe 
that it is more likely that this concept will be implemented in their urban environment in the 
near future, a policy that can already be seen in some Dutch cities today. This might have 
resulted in higher scores on profiles including the concept of the automatic bus lane. 
Moreover, considering the technology time span, the automatic car lane is not expected to be 
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developed in the Netherlands in the next decade, although R&D studies and pilots are 
ongoing 
Thirdly, conclusions can be drawn from the variance analysis on appreciation and the 
segments analyses for the different groups The variance analysis shows a more positive 
appreciation of advisory services towards the automatic bus lane, which might explain their 
part worth utility score for that ITS concept, which was higher than that of financial and 
facilitating organisations but lower than non-profit organisations Next, the vanance analysis 
show that organisations from Groningen and Eindhoven think that an automatic bus lane is 
realistic For organisations from Eindhoven this does not lead to significant higher scores for 
the part worth utility of this ITS concept However organisations from Groningen indeed give 
significant higher scores for the part worthy utility of the automatic bus lane Organisations 
from Groningen and Den Bosch also have a more positive appreciation of the People Mover 
from Park and Ride, which is also significantly visible in their part worth utility scores for this 
ITS concept Furthermore, the variance analysis shows that organisations in modern office 
buildings at office boulevards and parks have a more positive appreciation of the realism of 
the automatic car lane However, no significant differences were found in these segments for 
the automatic car lane part worth utility 
The analyses so far have dealt with the internal validity of the model To analyse the 
predictive validity of the preference model, a preference and choice based questionnaire was 
designed to analyse whether observed future location choices of offices in a selected region 
match preference structures predicted by the models described in this chapter This validation 
study is described in chapter 6 
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Chapter 6 
Testing the predictive validity of the two models 
6.1 Introduction 
The SP/HII study in chapter 5 reveals that the three ITS related transport concepts 
contribute significantly to the accessibility of office locations Furthermore, the accessibility 
of office locations significantly contributes to the general preferences of office locations This 
chapter aims to give insight into the predictive validity of the two models that are presented in 
chapter 5 Predictive validity relates to the ability of both models to predict preferences for 
accessibility profiles and location choices In this chapter it is tested whether the SP/HII 
model is a good predictor of an organisation's preferences for real office locations in Arnhem 
and Nijmegen, based on a hypothetical introduction of the three ITS related transport concepts 
in both cities 
Section 6 2 explains the importance of performing a validity study and the three steps 
taken to gain insight into the ability to predict an organisation's accessibility preferences and 
location choices Section 6 3 desenbes the study of the hypothetical implementation of the 
three ITS concepts in Nijmegen and Amhem Section 6 4 describes the definition of attribute 
levels for the accessibility and general location attributes for the real office locations in 
Nijmegen and Amhem Section 6 5 describes the questionnaire set-up of the validity study 
Section 6 6 describes the response group characteristics Section 6 7 describes the first step ol 
the results of the validity study The first step consists of tests on deviations between 
predicted and observed location profile scores Section 6 8 describes the second step of the 
results of the validity study This step consists of tests on differences in scores for locations 
with and without having an ITS related transport concept implemented Section 6 9 desenbes 
the third step of the results of the validity study The third step consists of tests on the 
influence of ITS related transport concepts on general location rankings Section 6 10 
concludes the chapter 
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6.2 Validity of SP/HII 
An important concern when interpreting the results of a SP/HII study is the predictive, also 
called external, validity The problem of validating SP/HII profiles externally, and the fact 
that stated preferences cannot fully predict observed choices, is old (Timmermans, 1982, 
Slovic, 1995) and inherent to the use of experimental designs Although overall SP models 
can provide a reasonable account of an individual's later choices (Wardman, 1988), the 
predictive, or external, validity is a common cause for concern For instance Wardman (1988) 
found that some Stated Choice did not predict actual choices very well A study by Couture & 
Dooley (1981) also showed a considerable bias between the stated use before and the actual 
use after the introduction of a new fixed-route bus system Chatterjee et al (1983) also 
reported a high number of non-commitment bias in studies on bus user services It seemed 
that people were not consistent when stating a use before and the real use after the 
introduction of a bus The use was overestimated In general it is observed that usage results 
differ between intention, expectation and actual behaviour (Warshaw & Davis, 1985) The 
predictive validity of the SP/HII model can be influenced by the relevance of the situation to 
individuals, the extent of realism in the design and the incorporation of situational factors in 
the SP/HII questions (Bradley, 1988) In order to increase the predictive validity of SP/HII 
exercises, customization of profiles by the use of real-world situations has been suggested 
(Polak & Jones, 1991) 
Previous arguments reveal that the predictive validity of the SP/HII models is 
important and should be analysed in-depth However, no real relevant location choices can be 
observed since none of the three ITS related transport concepts is implemented at full scale 
An alternative and promising approach is to match the hypothetical location profiles from the 
SP/HII research to real existing office location profiles in a Dutch city region while 
simulating the implementation of the three ITS related transport concepts These real existing 
office locations are presented to office keeping organisations presently located in Nijmegen 
and Amhem (two Dutch medium sized cities of 150,000 inhabitants) To organisations in 
Nijmegen existing office locations in Nijmegen are presented To organisations in Arnhem 
existing office locations in Amhem are presented For both cities four different ITS 
implementations are distinguished a 0-situation (representing the status quo) where no ITS 
concept is implemented, a situation where an automatic car lane is implemented in the city, a 
situation where an automatic bus lane is implemented in the city, and a situation where a 
People Mover from a Park and Ride system is implemented in the city This means that in the 
four implementations no existing location profiles are included that he close to more than one 
ITS concept This implies a limitation when compared to the SP/HII profiles where 
combinations of ITS concepts are included To obtain useful data in order to analyse the 
predictive validity of the two models, three specific steps are performed to study the 
predictive validity 
a The first step is based on the task in which respondents are asked to give a score for 
five profiles of real office locations in their home city for each of the four 
distinguished ITS implementation settings The real office location profiles as 
presented in the validity study are described with the same attributes and levels as 
those of the SP/HII study The predicted values for these real office locations are 
calculated using the SP/HII models presented in chapter 5 The average observed 
scores for the real location profiles, based on accessibility as well as the general 
location attributes, are then compared to the predicted scores from both SP/HII 
models To test whether deviations between the calculated model score predictions 
and the observed scores given by the respondents are significant, a 'one sample t-test' 
is used 
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b The second step is based on the observed change in location accessibility scores 
between the O-situation and each of the three situations where one of the three ITS 
concepts is implemented According to the assumed added value of the three ITS 
concepts, the accessibility of the locations situated close to one of the three ITS related 
transport concepts should receive higher scores (reflecting the influence of part worth 
utilities scores of the ITS concept from the SP/HII model) than in the O-situalion 
where no ITS concept is implemented To test whether differences are statistically 
significant t-tests are used This is in line with the assumption made in the SP/HII 
design, where a zero attribute level for the three ITS related transport concepts was 
included, resulting in the possibility to evaluate profiles that only include one of the 
three ITS-related transport concepts 
c The third step is conducted to test the ability of the SP/HII models to predict the 
organisation's preferred order for the real office locations In order to reveal this a 
location ranking task is introduced for each of the four ITS implementations The 
models estimated in chapter 5 predict that locations which are situated close to one of 
the three ITS related transport concepts will receive a higher preference score, which 
can, if compared, even result in a higher ranking position than when they are not 
closely located to the system Thus, if the models predict choices well, the ranking 
scores should reveal a trend of increased higher ranking positions for the locations that 
are situated close to an ITS related transport concept 
6.3 ITS related transport concepts in Nijmegen and Arnhem 
To describe the office locations where ITS related transport concepts could be implemented in 
a realistic way a special study was made of the geography of the two cities including 
important infrastructure and/or spatial projects 
The study aimed to present a realistic introduction of three ITS related transport 
concepts in the two cities (illustrated on a map) A geographical representation of the two 
cities was made with sketches of possible routes for the three ITS related transport concepts 
Furthermore, interviews were conducted with two policymakers involved in transport 
planning, one for Nijmegen and one for Amhcm, asking them to indicate the most realistic 
implementation for each of the three ITS concepts21 It appears that they find the description 
and visualisation of the ITS related transport concepts realistic and even in some cases the 
implementation of similar concepts has already been the subject of study In defining the 
implementation tracks for the three ITS related transport concepts in the survey, the 
policymakers' implementation choices are used This results in the visualisation of the three 
concepts as shown in Figure 18 and Figure 19 The numbers in Figure 18 and 19 represent the 
most important office locations in Nijmegen and Arnhem 
For more inforaidlion about the interviewees see appendix Β 2 
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O-situation automatic bus lane 
people mover from P&R 
ì^t 
automatic car lane 
Si 
Numbers in maps: five most important office locations in Nijmegen 
Figure 18. Four implementation maps for Nijmegen (Illustmiions developed by Kristian 
Malers & Marloes Holleman) 
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O-situation automatic bus lane 
Peonie Mover from P&R 
- 7 
automatic car iane 
^ ^ ^ ^ ^ e c v ^ 
Numbers in maps: five most important office locations in Arnhem 
Figure 19. Four implementation maps for Arnhem (Illustrations developed by KiistUm 
Maters & Marloes Holleman) 
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6.4 Defining attribute levels for the existing office locations 
Besides the question of how to define and present the four ITS implementations an important 
element is the definition of the realistic attribute levels for the real office locations in 
Nijmegen and Arnhem. 
Realistic attribute levels for the accessibility profiles are based on the actual distances 
between an office location and the transport facility. To estimate the distances accurately a 
Geographical Information System (GIS) tool is used. In the case of public transport, the 
nearest station is used. In the case of car infrastructure, the nearest motorway exit is used. 
Table 32 shows the five accessibility profile characteristics for Nijmegen and Arnhem. The 
locations represent the most important office locations in the two cities. It shows that the 
accessibility profiles are constituted by the location's distances to the train stations, motorway 
exits, the stops of the automatic bus lane and People Mover from P&R and the exits of the 
automatic car lane. For example, in the O-situation, location 1 in Nijmegen, Heyendaal lies 
500 meters from the nearest train station and 6 km from the nearest motorway exit. In ITS 
implementation 1, the situation for location 1 remains the same with respect to the train and 
motorway, but is now also 250 meter from an automatic bus lane. 
Table 32. Accessibility profiles as used in the validity study 
Nijmegen 
Location 1 
Location 2 
Location 3 
Location 4 
Location 5 
Amhem 
Location 1 
Location 2 
Location 3 
Location 4 
Location 5 
Name 
Heyendaal 
Oranjesingel 
Energieweg (η) 
Groenestraat 
Brabantse Poort 
Stadssingels 
Park/Rijnloren 
Business Park 
Schuytgraaf 
IJsseloord II 
O-situation 
Train 
500 
meter 
1 km. 
2.5 km. 
1.5 km. 
500 
meter 
500 
meter 
50 meter 
2.5 km. 
500 
meter 
6 km. 
Motorway 
6 km. 
5 km. 
2 km. 
3 km. 
500 meter 
6 km. 
6 km. 
6 km. 
3 km. 
500 meter 
ITS 1 
+Automati 
e bus lane 
250 meter 
250 meter 
250 meter 
250 meter 
250 meter 
250 meter 
ITS 2 
+People 
Mover 
100 meter 
100 meter 
ITS 3 
+Automati 
c car lane 
500 meter 
500 meter 
Realistic attribute levels for the profiles for the overall location characteristics are mainly 
derived from the analysis of policy documents (e.g. Structuurplan Amhem 2010, 2000; 
Regionaal Plan 2005-2020, 2005) and reports on prices and available parking spaces24. The 
" The price levels for the office locations were based on: 
a) Dynamis (http://www.sprekemlecijfers.nl). Dynamis is a real estate consultant that publishes both regional and 
national real estate reports, among others about the supply and demand of offices. 
b) hnp://www.funda.nl. This website provides an overview of most of the available office space including rental 
prices per square meter. 
c) Knooppunt Amhem-Nijmegen, KAN-Vastftoedrapportage 2005 (Real estate report of the KAN-region 2005). 
The price for location 4 in Amhcm (SchuytgraaO is based on prices in a similar nearby neighbourhood: Gelderse 
Poort in the city of Amhem. The office location of Schuytgraaf was under construction during the questionnaire 
design. 
The number of parking places was measured by: 
I) The number of employees per office, which is an often applied measurement tool. 
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result of this analysis is provided in Table 33. Table 33 shows the five profile characteristics 
for Nijmegen and Amhem. The locations represent the most important office locations in the 
two cities. Note that the column 'accessibility profiles' refers to profiles described in Table 
32. 
Table 33. Overall location profiles as used in the validity study 
Nijmegen 
Location 1 
Location 2 
Location 3 
Location 4 
Location 5 
Amhem 
Location 1 
Location 2 
Location 3 
Location 4 
Location 5 
Name 
Heyendaal 
Oranjesingel 
Energieweg (η) 
Groenestraat 
Brabantse Poort 
Stadssingels 
Park/Rijnloren 
Business Park 
Schuytgraaf 
IJsseloord II 
Building 
Type 
Modem 
Old 
Mansion 
Functional 
Functional 
Modem 
Old 
Mansion 
Modem 
Functional 
Functional 
Modem 
Internal Use 
of Space 
Flexible 
Different 
rooms + 
garden 
Flexible 
Rigid 
Flexible 
Different 
rooms + 
garden 
Flexible 
Flexible 
Flexible 
Flexible 
Price per 
(m /year) 
130 euro 
140 euro 
90 euro 
130 euro 
130 euro 
130 euro 
210 euro 
90 euro 
130 euro 
130 euro 
Number 
of 
Parking 
places 
30/100 
20/100 
50/100 
30/100 
50/100 
20/100 
30/100 
50/1 (X) 
30/100 
30/100 
Accessibi­
lity profiles 
Table 32 
it •• 
" " 
II 
II . . 
11 II 
11 
·· .· 
The attribute internal use of space is based on a logical interpretation of the office buildings' 
characteristics. For example when it concerns the 'refurnished' functional building at the 
Groenestraat in Nijmegen (location 4) it is assumed that the internal use of space is rigid. For 
the overall location profiles only one attribute level is higher than the maximum level used in 
the SP/HII study. This is the level of 210 euro/nr for location 2 in Amhem. Consequently, the 
model prediction of the part worth utility for the location profiles including that attribute level 
is based on extrapolation. Despite the theoretical objections to use extrapolation, the location 
is included because of the fact that it concerns an attribute type with an estimated linear 
relation between included levels and because it is a very important office location. 
6.5 Questionnaire set up 
To test the predictive validity a mail back questionnaire survey was set up for organisations 
from Nijmegen and Arnhem 5. These cities are comparable in size to the fourteen cities that 
are included in the SP/HII population sample. The sample procedure is the same as in the 
SP/HII study. Consequently, the organisation selection is based on: organisation type, city, a 
minimum of four employees and an estimate of a 10% response level. Table 34 shows the 
sample. It shows that all of the five organisation types are represented well in the research 
II) Kantoorgebruikers in Beweging 2001, Inbo Adviseurs (2001). 
III) Regionaal Plan 2005-2020, Knooppunl Amhcm-Nijmegen (2005). 
IV) Policy document: Bouwen en Parkeren in Den Haag, Gemeente Den Haag (2004) (Building and parking in 
The Hague). 
V) A random sample (by telephone calls) was performed to check whether the policy standards were similar to 
the real situation. This sample resulted in small deviations, which have been used to draw the selected numbers. 
2 5
 An example of the validity survey is presented in appendix B.l 
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population (see Figure 15 in chapter 4) and in both cities The questionnaire was sent to a 
total of 1237 office keeping organisations 
Table 34. Organisations included in the population sample 
Ambulatories 
Visuals 
Classicists 
Modals 
Stationenes 
Total 
Ni|megen 
271 
60 
180 
42 
67 
620 
Arnhem 
228 
54 
222 
53 
60 
617 
Total type 
499 (40%) 
114(9%) 
402 (33%) 
95 (8%) 
127(10%) 
1,237 
Based on the three validity analysis steps described in section 6 2 the questionnaire was set up 
as follows 
a General questions about the organisation 
b Four ITS implementations, and per implementation 
• Two questions about the respondent's appreciation of the three ITS concepts 
• Illustrations and descriptions of the ITS related transport concept 
• A rating task for five accessibility and five overall location profiles per office 
location (for one city) 
• A ranking task for the five locations 
c A general remarks page 
The three ITS implementations were introduced with a description of the ITS related transport 
concept This description is supported by two illustrations per concept, which are the same as 
the ones presented in the SP/HII survey questionnaire (see text box 4 in chapter 5) For each 
ITS related transport concept two questions were asked First respondents were asked whether 
the concept is considered to be realistic and secondly whether they think that the ITS related 
transport concept is able to improve accessibility in the city region Afterwards a map was 
presented to the respondent (see Figure 18 and Figure 19) The maps show the structure of the 
city including its main roads and railways and the five most important office locations In the 
0-situation no ITS related transport concept is shown In implementation 1 an automatic bus 
lane (the track) and its stops is visualised Implementation 2 shows the People Mover from 
the Park and Ride and its stops Implementation 3 shows the automatic car lane and its exits 
and entrances Respondents were asked to rate as well as to rank the profiles 
6.6 The response group 
Of the total of 1237 organisations at least 86 addresses appear to be data flaws From the total 
of 1151 correct addresses 123 questionnaires were (11%) returned of which 98 (9%) are 
completely useful for analysis Table 35 gives an overview of the organisations that constitute 
the response group It shows that the response group represents the population sample well 
An important question that specifically concerns the influence of the respondent in relocation 
processes is included in the bottom row of Table 35 The question provides insight into 
whether one respondent is able to give reliable answers representing the attitude of the whole 
organisation towards location and accessibility preferences 
The results in Table 35 (see bottom row) show that both the respondents from 
Nijmegen and Arnhem give high scores, which suggests that the answers of the respondents 
can be held representative for the whole organisation addressed The result of this question is 
similar to what was found in the SP/HII study (see Table 17) 
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Table 35. Respondents' characteristics 
Organisation type 
Ambulatories 
Classicists 
Modal s 
Stationeries 
Visuals 
Branch Type 
Financial services 
Facilitating services 
Advisory services 
Non-Profit 
Company Size 
1-10 
11-20 
21-50 
51-200 
201- 500 
Influence claimed in relocation process? ( Ι­
ό scale) l=min. influence 6=max. influence 
Nijmegen (n=52) Arnhem (n=46) Total (n=98) 
% η % η % η 
33% (17) 37% (17) 35% (34) 
39% (20) 37% (17) 38% (37) 
6% (3) 4% (2) 5% (5) 
15% (8) 11% (5) 13% (13) 
8% (4) 11% (5) 9% (9) 
18% (9) 28% (13) 23% (22) 
18% (9) 13% (6) 16% (15) 
49% (25) 48% (22) 49% (47) 
16% (8) 11% (5) 13% (13) 
54% ~~(28) 42% (19) 49% (47) 
19% (10) 20% (9) 20% (19) 
23% (12) 20% (9) 22% (21) 
4% (2) 13% (6) 8% (8) 
0% (0) 4% (2) 2% (2) 
Median: 6 Median: 5 Median: 6 
Average: 5 Average: 4.5 Average: 4.7 
6.7 Step 1: model predictions and observed scores 
The first predictive validity analysis concerns the comparison between the predictions 
provided by the SP/HII models and the observed scores for five profiles of real office 
locations per ITS implementation for each of the two cities. To test whether deviations are 
significant a 'one sample t-test' is used. 
Before the test can be performed, it needs to be explained how the predicted scores for 
the five real office locations (per ITS implementation and per city) are calculated. Section 
6.7.1 describes the attribute levels that are based on inter- and extrapolation. Section 6.7.2 
describes which scores are ascribed to the ITS levels in the validity study that deviate from 
the levels as used in the SP/HII study given the fact that inter- and extrapolation is not 
possible. Section 6.7.3 describes the predicted accessibility and location scores. Finally, 
section 6.7.4 describes the differences between the predicted scores and the observed scores 
that are found in the validity study. 
6.7.1 Inter- and extrapolation of attribute levels 
In predicting the scores for the accessibility profiles of the five real office locations (in 
Nijmegen and Arnhem), the part worth utility for the train and motorway attribute levels is 
based on interpolation and extrapolation. Interpolations for the values for which part worth 
utilities are estimated are not problematic if a linear function is assumed. If values are higher 
or lower than the values being used in the SP/HII study, then extrapolation (that is the 
continuity) of the function and the estimated part worth utilities needs to be assumed, having 
a less reliable theoretical basis. 
The reason to use extrapolation is that the original attribute levels in the SP/HII 
models are only based on a close and a far away level made operational in a distance unit 
(meters or km.). For some real office locations the distances to the motorway exits and the 
train station deviate, being closer or further away from the attribute levels that have been used 
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in the SP/HII. As such, for the validity study, it is necessary to use attribute levels that are 
based on interpolated and extrapolated values. Table 36 shows the attribute levels from the 
validity study that need extrapolation of part worth utilities in the model predictions as they 
exceeded the minimum or maximum level defined in the SP/HII research. For location 5 in 
Nijmegen (motorway 500 m. away) and location 2 and 5 in Arnhem (train 50 m., train 6 km. 
and motorway 500 m. distance) the predicted part worth utility of both the train and 
motorway is based on extrapolation. As has been argued the assumed theoretical validity of 
extrapolation of the assessed relationships to values outside the domain of assessment was not 
tested, which might distort the outcomes of the validity analysis. 
Table 36. Attribute levels that needed extrapolation 
Nijmegen 
Location 5 
Arnhem 
Location 2 
Location 5 
Location name 
Brabantse Poort 
Park/Rijntoren 
IJsseloord ΓΙ 
Train attribute levels 
(min: 250 m./ max 3 km.) 
50 meter 
6 km. 
Motorway attribute levels 
(min: 1.5 km/ max 6 km.) 
500 meter 
500 meter 
6.7.2 The prediction of deviating ITS values 
As is explained in section 6.7.1, the score prediction of four attribute levels (2 for train 
stations and 2 for motorway exits) is based on the inter- or extrapolation of attribute levels for 
a continuous relationship, whilst section 6.7.2 explains that the score prediction for four ITS 
attribute levels is based on a deviating distance from the levels as used in the SP/HII study 
because it concerns a discontinuous relationship. 
Table 37 shows that the attribute level for the People Mover from the Park and Ride 
for location 3 in Nijmegen and location 5 in Arnhem is 100 meters and is assumed to receive 
the same part worth utility score (0.3) as the 'close to' attribute level of 250 m, as used in the 
SP/HII study. It shows, furthermore, that the attribute level for the automatic car lane for 
location 5 in Nijmegen and location ? in Arnhem is 500 meters and is assumed to receive the 
same part worth utility score (0.3) as the 'close to' attribute level of 1.5 km as used in the 
SP/HII study. 
Table 37. Attribute levels that were treated the same as original levels 
Nijmegen 
Location 3 
Location 5 
Arnhem 
Location 5 
Location name 
Energieweg (η) 
Brabantse Poort 
IJsseloord II 
People Mover from P&R Automatic Car Lane (0.3) 
(0.3) (close to = 250 m.) (close to = 1.5 km.)) 
100 meter 
500 meter 
100 meter 500 meter 
The explanation as to why the same part worth utility score was ascribed to two different 
attribute levels lies in the definition of the ITS attribute levels in the SP/HII design. This 
design has two important features. Firstly, for the ITS attributes only a 'close to' distance 
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level is included in the SP/HII study. The other level is 'no ITS available' . As such, the 
model offers no basis for assuming a linear function for the part worth utilities of the ITS 
attributes and to calculate scores based on inter- or extrapolation. Secondly, the 'close to' 
attribute levels of the real office locations differ from the 'close to' levels as used in the 
hypothetical profiles in the SP/HII study. Since they are both regarded as 'close to' levels, the 
scores from the SP/HII model were used to predict the ITS attribute levels for real office 
accessibility, whereas the actual distances to the ITS implementations in the validity study 
differ slightly from the hypothetical distances, in the form of attribute levels, in the SP/HII 
design. 
6.7.3 The predicted profile scores 
Table 38 shows the predicted scores by the SP/HII for all the real office locations used in the 
validity study. The bold numbers represent the locations that lie close to an ITS related 
transport concept and are predicted by the SP/HII model to receive higher scores. This is 
visualised by the plus numbers, between the brackets, representing the difference between the 
'no ITS available', as is the case in the 0-situation, and the part worth utility of the 'close to 
an ITS attribute level'. For example, in Nijmegen the accessibility profile for location 1 in 
implementation 1 is predicted to receive a score that is 0.8 higher than in the 0-situation 
because, in implementation 1, it lies close to an automatic bus system. 
Table 38. Model predictions for two models, per city case 
City of Nijmegen 
Accessibility location 1 
Accessibility location 2 
Accessibility location 3 
Accessibility location 4 
Accessibility location 5 
Location 1 
Location 2 
Location 3 
Location 4 
Location 5 
Ranking locations 
City of Arnhem 
Accessibility location 1 
Accessibility location 2 
Accessibility location 3 
Accessibility location 4 
Accessibility location 5 
Location 1 
Location 2 
Location 3 
Location 4 
Location 5 
Ranking locations 
O-Situation 
No 
investments 
4.6 
4.7 
5.0 
5.0 
6.2 
4.8 
4.2 
5.8 
4.2 
5.9 
5/3/1/(2 and 4) 
4.6 
4.8 
3.7 
5.5 
4.1 
4.2 
3.9 
4.5 
4.9 
4.6 
4/5/3/Ì/2 
Implementation 
1 
Automatic Bus 
5.4 (+0.8) 
5.5 (+0.8) 
5.8 (+0.8) 
5.0 
6.2 
5.0 (+0.2) 
4.4 (+0.2) 
6.0 (+0.2) 
4.2 
5.9 
3/5/1/2/4 
5.4 (+0.8) 
5.6 (+0.8) 
3.7 
6.3 (+0.8) 
4.1 
4.4 (+0.2) 
4.1 (+0.2) 
4.5 
5.1 (+0.2) 
4.6 
4/5/3/Ï/2 
Implementation 
2 
People Mover 
4.6 
4.7 
5.6 (+0.6) 
5.0 
6.2 
4.8 
4.2 
6.0 (+0.2) 
4.2 
5.9 
3/5/1/(2 and 4) 
4.6 
4.8 
3.7 
5.5 
4.7 (+0.6) 
4.2 
3.9 
4.5 
4.9 
4.8 (+0.2) 
4/5/3/1/2 
Implementation 
3 
Automatic Car 
4.6 
4.7 
5.0 
5.0 
6.8 (+0.6) 
4.8 
4.2 
5.8 
4.2 
6.1 (+0.2) 
5/3/1/(2 and 4) 
4.6 
4.8 
3.7 
5.5 
4.7 (+0.6) 
4.2 
3.9 
4.5 
4.9 
4.8 (+0.2) 
4/5/3/1/2 
" The level of 'no ITS available' was included in the SP/HII to allow the constitution of realistic accessibility 
profiles with no or only 1 ITS concept for the validity study. 
102 Office localion choice behaviour and Intelligenl Transport Syslems 
Because the accessibility is also part of the general location profiles, these location profiles 
are also predicted to receive higher scores in case an ITS related transport concept is at a close 
distance. These numbers are also marked in bold in Table 38. 
Furthermore, based on the predicted profile ratings, a ranking order is provided in 
Table 38. The predicted ranking of the 5 locations (1 to 5) is based on the level of the 
predicted location scores and can as such be derived from the specific column. Note that 
minor changes are predicted in the rank order since the part worth utilities of the three ITS 
related transport concepts are rather small compared to the differences between location 
scores. 
6.7.4 The observed profile scores 
Table 39 shows the observed scores from the questionnaire for the real accessibility and 
general office location profiles. Each profile score is tested for each ITS implementation on 
the difference between the predicted score by the model in the left column (pre.) and the 
observed scores in the questionnaire (obs.). The differences are statistically tested using a one 
sample t-test27. The observed scores that significantly deviate from the predicted scores are 
marked with an asterisk. Table 38 shows that in all cases the deviation is based on higher 
observed scores for the profiles than the scores predicted by the model. 
Table 39. Results - Model predictions and observed scores 
City of Nijmegen 
Accessibility location 1 
Accessibility location 2 
Accessibility localion 3 
Accessibility location 4 
Accessibility location 5 
Location 1 
Location 2 
Location 3 
Location 4 
Location 5 
City of Arnhem 
Accessibility location 1 
Accessibility location 2 
Accessibility location 3 
Accessibility localion 4 
Accessibility location 5 
Location 1 
Location 2 
Location 3 
Location 4 
Location 5 
O-siluation 
No 
investments 
Pre. 
4.6 
4.7 
5.0 
5.0 
6.2 
4.8 
4.2 
5.8 
4.2 
5.9 
Pre. 
4.6 
4.8 
3.7 
5.5 
4.1 
4.2 
3.9 
4.5 
4.9 
4.6 
Obs. 
6.1* 
5.7* 
5.6* 
5.1 
7.2* 
6.1* 
5.9* 
6.0 
5.0* 
6.6* 
n=44 
Obs. 
5.6* 
6.8* 
5.3* 
6.3* 
6.3* 
6.5* 
6.1* 
6.7* 
6.0* 
6.4* 
n=41 
Implementation 
1 
Automatic Bus 
Pre. 
5.4 
5.5 
5.8 
5.0 
6.2 
5.0 
4.4 
6.0 
4.2 
5.9 
Pre. 
5.4 
5.6 
3.7 
6.3 
4.1 
4 4 
4.1 
4.5 
5.1 
4.6 
Obs. 
7.0* 
6.6* 
6.3* 
4.9 
7.0* 
6.0* 
6.0* 
6.3 
5.0* 
6.7* 
n=44 
Obs. 
6.4* 
7.6* 
5.3* 
7.1* 
6.0* 
6.7* 
6.3* 
6.9* 
6.0* 
6.5* 
n=4l 
Implementation 
Peopl 
Pre. 
4.6 
4.7 
5.6 
5.0 
6.2 
4.8 
4.2 
6.0 
4.2 
5.9 
Pre. 
4.6 
4.8 
3.7 
5.5 
4.7 
4.2 
3.9 
4.5 
4.9 
4.8 
2 
: Mover 
Obs. 
6.0* 
5.9* 
6.9* 
5.0 
6.8 
6.0* 
5.9* 
6.3 
4.9* 
6.4 
n=44 
Obs. 
5.9* 
7.1* 
5.2* 
5.9 
7.4* 
6.7* 
6.2* 
6.6* 
6.3* 
6.7* 
n=4l 
Implementation 
3 
Automatic Car 
Pre. 
4.6 
4.7 
5.0 
5.0 
6.8 
4.8 
4.2 
5.8 
4.2 
6.1 
Pre. 
4.6 
4.8 
3.7 
5.5 
4.7 
4.2 
3.9 
4.5 
4.9 
4.8 
Obs. 
6.0* 
5.5* 
5.7* 
5.1 
7.6* 
6.0* 
5.8* 
6.0 
4.9* 
6.7* 
n=44 
Obs. 
5.9* 
6.9* 
5.2* 
6.0 
7.6* 
6.7* 
6.2* 
6.6* 
6.0* 
6.6* 
n=41 
" In order to test the external model validation, a one-sample t-test (two-tailed) was performed using computer 
software (SPPS). The one-sample l-test is used when a sample average based on numerous respondents is 
compared with a theoretical average, which in this case is the model calculation (De Vocht, 1996). 
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The model seems to systematically underestimate almost every profile score, except for the 
accessibility of location 4 and the general model of location 3 in Nijmegen This means that 
the predictive validity of the SP/HII models in absolute terms is weak The real office location 
profiles are almost systematically more highly rated than was predicted by the SP/HII models 
Because the significant differences between the fourteen cities m chapter 5 were lew 
and small, it is not obvious that differences can be explained by the fact that the respondents 
in the validity study are from Nijmegen and Amhem and that the respondents in the SP/HII 
study are from fourteen other cities There are four possible, more plausible, explanations for 
the systematic deviations 
Firstly, the differences might be explained by the fact that the extrapolation of some 
attribute levels is required Secondly, the systematic deviations might be caused by non-
hneantiess that are present in observed scores but in many cases not predicted by the models 
Thirdly, the use of an additive model offers the possibility to compensate a low score for one 
attribute level with a high score for another attribute level Perhaps this additive model is not 
correct and should be replaced by a combination of an additive and multiplicative model This 
implies that it might be possible that the respondents found that some attributes, for example 
the building type and its geographical position, cannot be compensated for by any of the other 
attributes This might for example be the case for large companies, the space offered by old 
mansions in respectable neighbourhoods is in many cases not sufficient for the number of 
employees As such they are not interested in for example location 2 in Nijmegen and location 
1 in Amhem The multiplicative model has not been tested Fourthly, so-called interaction 
effects between attributes might explain the deviation These eflects might be stronger in the 
validity study than in the SP/HII study This might be caused by the tact that realistic 
accessibility profiles are used, which might import context knowledge regarding locations 
owned by respondents Since this knowledge is not included in the experimental design it 
might influence the observed profile scores Fifthly, the differences might be explained by the 
fact that the model lacks essential location attributes, which are specifically important to the 
valuation of some locations, which might influence the location preferences of office keeping 
organisations For example, one of these attributes might be the distance to important clients 
To explore whether correction of the systematic overestimalion is possible first the average 
deviated score (per city/ per model) can be calculated, resulting in the lollowing average 
deviation score 
• Nijmegen accessibility + 0 8 
• Nijmegen overall location + 0 9 
• Arnhem accessibility + 1 6 
• Arnhem overall location + 2 0 
It seems that, after correction, the observed scores for the accessibility as well as the general 
location profiles in Amhem show stronger deviations from the model predictions than the 
observed scores from the Nijmegen respondents Table 40 shows all the predicted scores 
added with the average deviations per model per city The observed scores with an asterisk 
behind the significance level are still significantly different from the predicted scores It 
shows that, similar to the significant changes between the locations in Table 39, the 
significant deviations are not random It seems that the deviations are very location specific 
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Table 40. T-test for model validity based on corrected scores (averages) 
Nijmegen 
Access 
1 
2 
3 
4 
5 
General 
1 
2 
3 
4 
5 
N=44 
Arnhem 
Access 
1 
2 
3 
4 
5 
General 
1 
2 
3 
4 
5 
N=41 
0-Situation 
No investments 
Pre 
5.4 
5.5 
5.8 
5.8 
7.0 
5.6 
5.0 
6.7 
5.0 
6.7 
Pre 
6.2 
6.4 
5.3 
7.1 
5.7 
6.2 
5.9 
6.5 
6.9 
6.6 
Obs 
6.1 
5.7 
5.6 
5.1 
7.2 
6.1 
5.9 
6.0 
5.0 
6.6 
Obs 
5.6 
6.8 
5.3 
6.3 
6.3 
6.5 
6.1 
6.7 
6.1 
6.4 
Sign 
0.004* 
0.567 
0.396 
0.001* 
0.318 
0.069 
0.010* 
0.024* 
0.828 
0.816 
Sign 
0.072 
0.311 
0.659 
0.004* 
0.070 
0.349 
0.510 
0.729 
0.000* 
0.324 
Implementation 1 
Automatic Bus 
Pre 
6.2 
6.3 
6.6 
5.8 
7.0 
5.8 
5.2 
6.8 
5.0 
6.7 
Pre 
7.0 
7.2 
5.3 
7.9 
5.7 
6.4 
6.1 
6.5 
7.1 
6.6 
Obs 
7.0 
6.6 
6.3 
4.9 
7.0 
6.0 
6.0 
6.3 
5.0 
6.7 
Obs 
6.4 
7.6 
5.3 
7.1 
6.1 
6.7 
6.3 
6.9 
6.1 
6.5 
Sign 
0.001* 
0.182 
0.197 
0.000* 
0.932 
0.387 
0.020* 
0.098 
1.000 
0.867 
Sign 
0.051 
0.477 
0.667 
0.001* 
0.313 
0.454 
0.404 
0.238 
0.000* 
0.640 
Implementation 2 
People 
Pre 
5.4 
5.5 
6.4 
5.8 
7.0 
5.6 
5.0 
6.8 
5.0 
6.7 
Pre 
6.2 
6.4 
5.3 
7.1 
6.3 
6.2 
5.9 
6.5 
6.9 
6.8 
Obs 
6.0 
5.9 
6.9 
5.0 
6.8 
6.0 
5.9 
6.3 
4.9 
6.4 
Obs 
5.9 
7.1 
5.2 
5.9 
7.4 
6.7 
6.2 
6.6 
6.3 
6.7 
Mover 
Sign 
0.018* 
0.091 
0.043* 
0.001* 
0.380 
0.146 
0.009* 
0.070 
0.760 
0.274 
Sign 
0.333 
0.049* 
0.822 
0.000* 
0.002* 
0.109 
0.288 
0.766 
0.002* 
0.435 
Implementation 3 
Automatic Car 
Pre 
5.4 
5.5 
5.8 
5.8 
7.6 
5.6 
5.0 
6.6 
5.0 
6.9 
Pre 
6.2 
6.4 
5.3 
7.1 
6.3 
6.2 
5.9 
6.5 
6.9 
6.8 
Obs 
6.0 
5.5 
5.7 
5.1 
7.6 
6.0 
5.8 
6.1 
4.9 
6.7 
Obs 
5.9 
6.9 
5.2 
6.1 
7.6 
6.7 
6.2 
6.7 
6.1 
6.6 
Sign 
0.037* 
0.929 
0.565 
0.006* 
0.878 
0.156 
0.016* 
0.065 
0.529 
0.549 
Sign 
0.405 
0.164 
0.876 
0.001* 
0.000* 
0.097 
0.324 
0.723 
0.000* 
0.326 
In Table 40 the accessibility of location 1 in Nijmegen is still underestimated by the SP/HII 
accessibility model. It concerns the office location Heyendaal, which lies in the heart of 
Nijmegen and has good public transport accessibility but poor car accessibility. No direct 
explanation can be suggested from the location's particularities for the underestimation. 
Location 4 in Nijmegen, location Groenestraat, is still overestimated by the SP/HII 
accessibility model. A possible explanation is that it has rather poor accessibility (as it is not 
close to any important transport facility). Although this is also predicted by the model 
(location Groenestraat is predicted to have the worst accessibility) its image of a badly 
accessible location might be stronger than the actual distances measured. The general office 
location profile of location 2 in Nijmegen, Oranjesingel, is still underestimated by the SP/HII 
general model. No explanation for this can be derived from the location's particularities. 
For the observed scores for real office locations in Amhem it seems that location 4, 
Schuytgraaf, in the accessibility model as well as in the general location model, scores lower 
than predicted. A possible explanation is that it is a location under development and might 
therefore lack the image of an important office location. 
Furthermore, there is a trend to deviate for implementation 2: the People Mover from 
the Park and Ride gets higher scores than predicted for more locations than the other 
implementations do. 
Chapter 6 - Testing the prediclive validity of the two models 105 
6.8 Step 2: comparing the four ITS implementations 
The second validity analysis includes a comparison between the 0-situation and the other 
three ITS implementations, to test whether the observed preference increase or decrease was 
significant for the five real office locations per city due to the implementation of an ITS 
related transport concept. First an independent sample t-test, using a grouping variable (0 and 
1) to distinguish for the 0-situation and the three ITS implementations, was performed. 
Secondly, a one sample l-test was performed to test the part worth utility scores for the ITS 
attributes that are used by the model. 
Table 41. Observed scores for the ITS implementations compared to the 0-situation 
City of 
Nijmegen 
Accessibility 1 
Accessibility 2 
Accessibility 3 
Accessibility 4 
Accessibility 5 
Respondents 
City of Arnhem 
Accessibility 1 
Accessibility 2 
Accessibility 3 
Accessibility 4 
Accessibility 5 
Respondents 
0-
situation 
Scores 
6.1 
5.7 
5.6 
7.2 
n=44 
Que. 
5.6 
6.8 
6.3 
6.3 
n=4l 
Implementation 1 
Automatic Bus Lane 
Scores / significance 
7.0 (sign 0.013)* 
6.6 (sign 0.010)* 
6.3 (sign 0.028)* 
Que. 
6.4 (sign 0.069) 
7.6 (sign 0.047)* 
7.1 (sign 0.066) 
Implementation 2 
People Mover 
Scores / significance 
6.9 (sign 0.000)** 
Que. 
7.4 (sign 0.020)* 
Implementation 3 
Automatic Car Lane 
Scores / significance 
7.6 (sign 0.267) 
Que. 
7.6 (sign29 
0.005)** 
Significance level * <0.050 ** <0.010 
First, the scores in Table 41 show the observed significant changes due to the introduction of 
an ITS related transport concept. Note that none of the other scores are expected to deviate 
significantly. This is confirmed by the observed scores, which are therefore left blank in Table 
41. The scores marked with an asterisk represent the significant scores. As expected, except 
for the automatic car lane in location 5 of Nijmegen and the automatic bus lane in location I 
and 4 in Arnhem, all real locations that lie close to an ITS concept receive higher location 
scores than when no ITS is implemented (represented by the 0-situation). 
The second test on differences between location scores in the 0-situalion and locations 
that are close to one of the ITS concepts in the other three ITS implementations is on the 
added value that is used for the fact that an ITS concept is implemented. This added value is 
the difference between the part worth utility of 'no ITS concept is implemented', as is the 
case in the 0-situation, and the part worth utility score of the 'close to an ITS concept', as is 
the case for several locations in the three ITS implementations. 
A one sample t-test on significance levels for the expected added value (as a result 
from the difference between the 'close to' and the 'no ITS concept' part worth utility scores 
for the three ITS concepts) and the observed value differences between the scores for the 
locations in the 0-situation and the three ITS implementations is performed. Table 42 shows 
Note that for all numbers the F-valuc was not significant and equal variances was assumed 
Equal variance was nol assumed 
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the outcomes of these tests. An example of the difference between the 0-situation and 
implementation 1 for the accessibility profile 1 for Nijmegen is given for a better 
understanding of Table 42. In the column 'O-situation' the observed accessibility scores are 
presented for when no ITS related transport concept is implemented. In the column 
implementation 1, the observed accessibility scores are given for when an automatic bus lane 
is implemented. The column 'pre.' shows the predicted accessibility score based on the score 
for the accessibility in the 0-situation, for this example it is 6.1, added to the differences 
between the 'close to' and 'not available' predicted part worth utility. In case of 
implementation 1 this is +0.8. The predicted score for the accessibility profile in 
implementation 1 is 6.9. The 'obs.' column shows the observed scores from the questionnaire. 
In this example this is 7.0. The significance value (sign.) in the third column for situation 1 is 
0.735, which is highly insignificant. 
It is clear that only two observed accessibility scores do not match the predicted 
increased added value from the part worth utilities and thus differ significantly. This applies 
for the score for the accessibility of location 3 in Nijmegen. Instead of the added value of 0.6 
due to the People Mover it increased by a value of 1.7. This also applies for the accessibility 
score for location 5 in Arnhem. Instead of the added value of 0.6 from the automatic car lane 
it increased by 1.3. 
Table 42. Predictions for part worth utility score for ITS concepts 
Sienificance level * <0.05() 
City of 
Nijmegen 
Accessibility 1 
Accessibility 2 
Accessibility 3 
Accessibility 4 
Accessibility 5 
Respondents 
City of Arnhem 
Accessibility 1 
Accessibility 2 
Accessibility 3 
Accessibility 4 
Accessibility 5 
Respondents 
0-
situalion 
Scores 
6.1 
5.7 
5.6 
7.2 
n=44 
5.6 
6.8 
6.3 
6.3 
n=41 
Implcmenlalion 1 
Automatic Bus Lane 
Pre. Obs. Sign. 
+0.8 
6.9 7.0 0.735 
6.5 6.6 0.585 
6.4 6.3 0.706 
6.4 6.4 0.906 
7.6 7.6 0.884 
7.1 7.1 0.927 
Implementation 2 
People Mover 
Pre. Obs. Sign. 
+0.6 
6.2 6.9 0.005* 
6.9 7.4 0.122 
Implementation 3 
Automatic Car Lane 
Pre. Obs. Sign. 
+0.6 
7.8 7.6 0.268 
6.9 7.6 0.016* 
A possible explanation for the doubling of the effect in location 3 in Nijmegen may be caused 
by a form of extrapolation: the assumption that different proximity levels in the two studies, 
both seen as a 'close to' distance, could receive the same part worth utility. In the SP/HII a 
close distance of 250 meter is used, whereas the profiles in the validity study uses a proximity 
level of 100 meter. Both are assumed to be regarded as 'close to' and predicted to receive the 
same part worth utility. 
A possible explanation for the doubling of the effect for location 5 in Arnhem may be 
a difference between proximity levels in the two studies. In the SP/HII study a close distance 
of 1.5 km, is used, whereas the profiles in the validity study use a proximity level of 500 m. A 
second possible explanation for this might be the current congestion level on the nearby 
motorway in Arnhem close to location 5. Several respondents of the Arnhem questionnaire 
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complain about this problem in the open comments section of the questionnaire. This problem 
is voiced much less in the Nijmegen questionnaire for the same type of location (the office 
location 5, Brabantse Poort, (Nijmegen) bears a close resemblance to location 5, Usseloord II 
(Arnhem)). 
6.9 Step 3: ranking the locations 
In the third validity analysis the assumption is that organisations generally prefer office 
locations that lie close to an ITS related transport concept better than when no ITS concept is 
present. 
Table 42 shows the frequency of the ranking position per location for the respondents 
in the city of Nijmegen. The locations which are marked in bold represent the locations that 
are predicted to increase in preference, and as such improve their ranking position for the 
specific ITS implementation. For implementation 1 the locations Oranjesingel, Heyendaal and 
Energieweg are expected to be chosen more, due to the proximity of an automatic bus lane. 
However this cannot be strongly confirmed by the observed ranking. It can be only slightly 
confirmed by the fact that location BP has lost a share of the top rank 1 position, which can be 
explained by the fact that this location does not benefit from the automatic bus lane. 
Table 43. Frequency Ranking Nijmegen 
City of Nijmegen 
0-silualion 
Position 1 
Position 2 
Position 3 
Position 4 
Position 5 
Implementation I 
Position 1 
Position 2 
Position 3 
Position 4 
Position 5 
Implementation 2 
Position 1 
Position 2 
Position 3 
Position 4 
Positions 
implementation 3 
Position 1 
Position 2 
Position 3 
Position 4 
Position 5 
% of total 
BP 
43% 
14% 
14% 
14% 
14% 
BP 
33% 
16% 
16% 
16% 
18% 
BP 
29% 
18% 
10% 
18% 
25% 
BP 
51% 
16% 
12% 
10% 
10% 
N=49 
Oranjesingel 
25% 
20% 
12% 
14% 
31% 
Oranjesingel 
27% 
29% 
8% 
12% 
25% 
Oranjesingel 
29% 
22% 
10% 
16% 
22% 
Oranjesingel 
20% 
18% 
18% 
14% 
29% 
N=49 
Heyendaal 
25% 
20% 
33% 
10% 
12% 
Heyendaal 
29% 
20% 
27% 
16% 
8% 
Heyendaal 
22% 
16% 
35% 
16% 
10% 
Heyendaal 
16% 
29% 
27% 
18% 
10% 
N=49 
Energieweg 
8% 
27% 
14% 
25% 
27% 
Energieweg 
8% 
22% 
25% 
25% 
20% 
Energieweg 
16% 
31% 
18% 
16% 
18% 
Energieweg 
10% 
22% 
14% 
27% 
29% 
N=49 
Groenestraat 
0% 
18% 
27%, 
37% 
16% 
Groenestraat 
4% 
12% 
25% 
31% 
29% 
Groenestraat 
4% 
12% 
27% 
33% 
25% 
Groenestraat 
2% 
14% 
29% 
31% 
22% 
In implementation 2 only the location Energieweg is expected to benefit from the introduction 
of the People Mover from Park and Ride. This is indeed visible by the increase of its share in 
ranking position 1 and 2. In implementation 3 it is the location BP which is expected to 
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benefit from the close distance to the automatic car lane. The increase of top one positioning 
is indeed visible by the rather spectacular share profit in ranking 1. 
Overall, it might be concluded for Nijmegen that especially the location which was 
already the favourite benefits most from the implementation of an automatic car lane. This 
might be explained by the fact that the automatic car lane influences the dominant travel 
mode, which is car driving. 
Table 44 shows the frequency of the ranking position per location for the respondents 
in the city of Arnhem. The locations which are marked in bold represent the locations that are 
predicted to increase in preference, and as such improve their ranking position, for the 
specific ITS implementation. 
Table 44. Frequency Ranking Arnhem 
City of Nijmegen 
0-situation 
Position 1 
Position 2 
Position 3 
Position 4 
Position 5 
Implementation 1 
Position 1 
Position 2 
Position 3 
Position 4 
Position 5 
Implementation 2 
Position 1 
Position 2 
Position 3 
Position 4 
Position 5 
Implementation 3 
Position 1 
Position 2 
Position 3 
Position 4 
Position 5 
% of total 
IJsseloord Π 
33% 
15% 
8% 
18% 
28% 
IJsseloord Η 
23% 
18% 
13% 
15% 
33% 
IJsseloord II 
33% 
23% 
10% 
15% 
20% 
IJsseloord II 
45% 
13% 
8% 
25% 
10% 
N=49 
P/R Toren 
18% 
25% 
30% 
20% 
8% 
P/R Toren 
13% 
25% 
38% 
23% 
3% 
P/R Toren 
15% 
23% 
35% 
25% 
3% 
P/R Toren 
15% 
20% 
40% 
20% 
5% 
N=49 
Business Park 
10% 
15% 
38% 
23% 
15% 
Business Park 
15% 
15% 
35% 
18% 
18% 
Business Park 
13% 
23% 
23% 
20% 
23% 
Business Park 
10% 
20% 
30% 
13% 
28% 
N=49 
Stadssingels 
25% 
20% 
15% 
20% 
20% 
Stadssingels 
35% 
23% 
8% 
18% 
18% 
Stadssingels 
28% 
20% 
18% 
20% 
15% 
Stadssingels 
25% 
23% 
13% 
23% 
18% 
N=49 
Schuytgraaf 
15% 
25% 
10% 
20% 
30% 
Schuytgraaf 
15% 
20% 
8% 
28% 
30% 
Schuytgraaf 
13% 
13% 
15% 
20% 
40% 
Schuytgraaf 
5% 
25% 
10% 
20% 
40% 
For implementation 1 the relative position of the locations P/R Toren, Stadssingels and 
Schuytgraaf should improve due to the proximity of an automatic bus lane. This can only 
partially be confirmed by the increase of share in ranking position 1 for the location 
Stadssingels. The location Business Park also benefits, whereas the remaining two locations 
lose out. For implementation 2, the location IJsseloord II should benefit from the introduction 
of the People Mover from the Park and Ride close to that location. Table 43 confirms this 
prediction: the share of IJsseloord II in ranking 1 and 2 positions is improved whereas the 
other locations are stable or lose relative preference. For implementation 3, the location 
IJsseloord II should benefit from the introduction of the automatic car lane which has an exit 
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close to that location Table 44 confirms this prediction and shows a spectacular increase in 
popularity for that location 
Overall, it can be concluded for Arnhem that especially the location which was 
already the favourite benefits the most from the implementation of an automatic car lane This 
might also (similar to Nijmegen) be explained by the fact that the automatic car lane 
influences the dominant travel mode, which is car driving 
6.10 Conclusion 
This chapter has described the set-up and results of the predictive validity analysis of the 
models developed in chapter 5 The basis for the validity analysis was observed ratings and 
rankings of real world locations considering different ITS conditions The predictive validity 
was analysed in three steps It can be concluded that the three analyses show that the models 
do not predict the actual scores for accessibility and location profiles very well The 
differences between the predicted and observed scores might be explained by location specific 
context knowledge that is present in the scores of the respondents However, the second 
validity analysis was more promising and showed that the contnbution, in terms of the part 
worth utility scores, of the three ITS related transport concepts is similar to what is predicted 
by the models It can therefore be concluded that although the two models are weak 
predictors, the part worth utility scores for the ITS attributes are strong predictors of the 
observed contribution of the three ITS related transport concepts in real world situations 
Furthermore, the third validity analysis reveals an increasing general interest for office 
locations that he close to an ITS related transport concept This trend is also predicted by the 
SP/HII models In general the results are promising regarding the quantification of the 
possible effects of introducing the three ITS related transport concepts in the direct 
environment of office locations 
Chapter 7 concludes the dissertation by providing answers to the research questions 
posed in this dissertation 
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Chapter 7 
Conclusions, reflections and recommendations 
7.1 Introduction 
This dissertation has studied the question ot how ITS might influence the location 
preferences ol office keeping organisations in urbanized regions Previous studies have 
focused on ITS in relation to traffic, focusing on driver comfort, traffic safely and throughput, 
pollution and driver acceptance Studies on ITS in relation to location development are very 
scarce and limited in scope As a consequence the theoretical basis for performing research on 
ITS concepts in relation to location development and spatial planning is very weak In order 
to improve the insight into the influence of future ITS related transport concepts on office 
location preferences in urbanized areas this research was started as part ot a larger programme 
on ADAS This study first focused on the specification of ITS related transport concepts made 
operational as attributes that potentially improve the accessibility of office locations 
Furthermore, it used the ITS related transport concepts among other attributes in a preference 
study in order to model its influence on location decision making Finally, the derived models 
were tested for their predictive validity 
In this chapter the main research results are presented, discussed and synthesised In 
order to achieve the goal of this dissertation, to gam insight into the influente of future ITS 
related transport concepts on office location preferences in urbanized areas four main 
research questions were developed in chapter 1 
1 (a) What specific theoretical framework can be derived from the field of location 
theory to formulate hypotheses on ITS and location choice behaviour7 (b) What 
methodological approach is then suitable to test the hypotheses ' 
2 (a) How can current knowledge on ITS development and the uncertainties be 
structured to specify plausible ITS concepts for the future' (b) What is the result of 
this analysis ' 
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3 (a) How can the relationship between future ITS concepts and office location 
preferences be measured and modelled in depth7 (b) What ΙΛ the result of this 
analysis ' 
4 (a) How can the results of a model of preferences be validated9 (b) What is the result 
of this analysis ' 
Section 7 2 describes the main findings of this dissertation They provide answers to the 
research questions 1 a, 2b, lb and 4b Section 7 3 describes a reflection on the methodology in 
which the strong and weak points are highlighted This reflection is based on the research 
questions lb, 2a, 3a and 4a Section 7 4 describes some research recommendations and 
section 7 5 describes possible policy implications that can be derived from this dissertation 
7.2 Conclusions from the results 
This section answers the questions la, 2b, 3b and 4b By answering these questions more 
general conclusions can be drawn on gaining insight into the influence of ITS concepts on 
office location preferences in medium sized urbanized regions 
Question la concerned the theoretical framework The study assumed that ITS 
concepts currently hardly influence changes in the accessibility of office locations Instead it 
is assumed that the current development of ITS technology, in relation to general transport 
characteristics, would lead towards future ITS concepts that do have the potential to improve 
the accessibility of locations and therewith influence preference structures which might 
eventually lead to a different spatial development The general preference structure for office 
locations, which was derived from the literature, was based on a behaviounstic location 
theory approach and could be modelled using multiple regression 
Secondly, an answer is provided for question 2b, which concerns the results of the 
morphological analysis The specification of ITS related transport concepts in this study is 
based on the application of a morphological analysis The first step of the analysis led to the 
formulation of dimensions and corresponding values based on a general transport systems 
view and future technology that might improve transport concepts in terms of accessibility 
The morphological analysis then generates alternatives from all possible value combinations 
The specification of the ITS related transport concepts was then based on elimination of 
implausible pairs (doubles and triples), a clustering of alternatives by transport policy 
priorities and weighing values according to an evolutionary policy perspective The first ITS 
related transport concept describes an automated car lane This is an inter-urban dedicated 
lane on which private cars can drive automatically, similar to what is usually denoted as 
Automated Highway Systems The second ITS related transport concept concerned an 
automatic bus lane This is a dedicated lane on which public transport buses drive 
automatically It is designed to connect different activity centres at the intra-urban level The 
third concept is a People Mover system from a Park and Ride facility It offers car drivers the 
opportunity to park their car at an exit and finish the travel to an office location by the use of 
an automated People Mover The exploration of the influence of this concept reveals insights 
into the potential of a multimodal ITS related transport concept to influence office location 
preferences The three resulting concepts represent three important directions in which ITS 
concepts are developing In reality however, many different forms of these ITS concepts 
could be developed in the next 20 years, depending on a wide variety of factors influencing 
the technological development of ITS 
Thirdly, an answer is provided to question 3b, which concerns the results of the 
SP/HII study Because revealed preference approaches were not the most convenient methods 
to use for this purpose the stated prelerence (SP) approach was chosen, using hypothetical 
profiles of office locations including attributes of hypothetical ITS related transport concepts 
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A first important conclusion on the results relates to the internal validity oi the 
estimated models All attributes where found to contribute significantly and as expected, 
providing at least face validity, both in case of the accessibility of the office location and the 
overall location experiment The two conducted experiments also confirmed that a location's 
accessibility plays an important role in relocation The study showed, as expected, that the 
perception of accessibility is dominated by two conventional transport concepts It was also 
found, however, that the hypothesis that ITS related transport concepts do not significantly 
influence office location behaviour should be rejected In line with the theoretical framework 
as explained in chapter 2, this implies that we might expect a change in location preferences 
of office-keeping organisations for specific locations if specific ITS related transport concepts 
were implemented in a medium size city region Secondly, of the three ITS related transport 
concepts the automatic bus lane had the highest part worth utility to the preference model 
This might be explained by the fact that the respondents on average consider the automatic 
bus lane to be somewhat more realistic than the two other concepts This implies that 
organisations believe that this concept is more likely to be implemented in their urban 
environment within the near future, a policy that can already be seen in Dutch cities today 
Moreover, considering the technology time span, automatic car lanes are not expected to be 
developed in the Netherlands in the next decade, even though there are ongoing R&D studies 
and pilots 
An in-depth analysis of the data gave more detailed results For instance, significant 
differences m preferences were found by considering dilferent groups of organisations within 
the response group Differences within characteristics like office branches, the respondent's 
city region and the company size were found A possible explanation for these differences 
between organisations can be found in the specific interest for a public transport-based 
concept over a car-based concept or vice versa It appeared that organisations that have a 
preference for the proximity of public transport, in the form of train stations, also prefer ITS 
related transport concepts that are based on public transport (the automatic bus lane and the 
People Mover from Park and Ride) Furthermore, it appeared that the image of the ITS 
concept, in terms of appreciation of the concept (e g is it realistic9), in some cases also 
influenced the preferences for those ITS related transport concepts 
Fourthly, an answer is provided to question 4b, which concerns the results ol the study 
on predictive validity As the two models were based on hypothetical location profiles, the 
third step was to perform a study to validate the predictive power of both models The validity 
study was conducted by sending a survey questionnaire to office keeping organisations from 
the cities of Nijmegen and Arnhem The questionnaire included five real ollicc location 
profiles which the respondents were asked to rate in terms of preference First, by statistical 
tests on significant differences between the model predictions and the respondent's observed 
ratings, the predictive validity of the two models was tested Because it was anticipated that 
some observed ratings might differ from the model predictions it was chosen to provide the 
five locations in four situations a O-situalion representing the status quo, and a situation in 
which each of the three ITS related transport concepts were implemented in both cities 
Secondly, by performing t-tests on the scores for locations in the O-situation and scores in the 
three ITS implementations the deviation of the three ITS related transport concepts from the 
status quo was measured Furthermore, the questionnaire included a ranking task for 
locations The results of the predictive validity study showed a mixed pattern Firstly, it 
appeared that there were significant differences between almost all the scores predicted by the 
models and the ones that were observed in the validity study The observed evaluation scores 
were systematically higher than the predicted scores for both the accessibility model and the 
general location model Secondly, it appeared that the locations close to an ITS related 
transport concept received significantly higher scores than the same locations in the 0-
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situation Thirdly, the ranking of the locations showed that the locations that he close to an 
ITS concept on average received higher ranking positions than in the O-situation This 
suggests that the ITS concepts also contribute to the general preferences for office locations 
Overall, the results show that ITS strategies in transport planning might have a spatial 
effect on, at least in terms of this study, changes in location preferences that should be taken 
into account when debating these strategies When public transport companies, governmental 
organisations or infrastructure administrators want to invest in developing one of the three 
concepts, the spatial effect in relation to urban development goals might discriminate For 
instance, which system will be developed and for what purpose' Will it serve older parts of 
town near the city centre, or is it improving accessibility by motorway9 Motorways often he 
close to the edge of the city where office parks are located Another question is whether the 
system can use already existing infrastructure or will new infrastructure be required9 The 
development of new infrastructure implies that governments can initiate building programmes 
that are linked to the ITS-related transport concept 
The results show similarities to what can be concluded Irom the impact from other 
new, but more conventional transport systems, such as the development of subways. Bus 
Rapid Transit systems, light rail and high speed trains The main difference with these 
conventional systems is that the development and impact of ITS technology might become 
greater, for example when the differences between transport modes vanish, integrating public 
and private transport in the long term One solid conclusion is that research on this topic in 
the future is a condition sine qua non for transport and spatial planning 
7.3 Reflection on methodology 
This section reflects on the methodology applied and provides answers to research questions 
lb, 2a, la and 4a as formulated in chapter 1 
To test hypotheses on ITS and location choice behaviour (question lb) a so-called 
'open' research approach was applied The approach is 'open' in that it allows specific 
changes after the realisation of each research step Further the methodology fits into the 
tradition of a positivistic paradigm, assuming the measurabihty of dependent and explaining 
variables and the generalisation ol sample results Overall, the results show that the open 
approach has some advantages when dealing with explorative research As the outcome ol 
each separate research step was unclear beforehand the decision on the use of specific 
methods to tackle the research questions 2a, 3a and 4a was always influenced by the outcomes 
of earlier research steps The methodology in this research included three steps to answer the 
questions 2a, la and 4a respectively, desenbed in chapter 2 
• Step 1 Identification of interesting ITS-related transport concepts by using a problem 
structuring approach 
• Step 2 Modelling of the preference structure of office keeping organisations regarding 
ITS 
• Step 3 Case based study on the predictive validity of modelled preferences 
To address step 1 a morphological analysis was applied The exploration of ITS concepts 
through the use of morphological analysis appears to be complex and not straightforward The 
many iterations that were necessary to work down to the three final ITS concepts shows how 
complex it is to explore the future of Intelligent Transport Systems However, the use of any 
other method would generate at least as much complexity as the morphological analysis The 
main purpose of the method, to support a creative, structured and comprehensive manner of 
exploring alternative solutions to a problem have been confirmed by this research However, a 
better framework on how to use inconsistency criteria in step 4 of the morphological analysis 
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in relation to the specific goal setting of the conducted project would improve the practical 
use of the method To work down to a manageable number of plausible ITS concepts also 
requires solid logical reasoning and creative input from the researcher An important 
conclusion is that the inconsistency procedure in step 4 lacks a clear framework or procedure, 
making it difficult to include additional expert knowledge either expressed in the literature or 
structured in brainstorming sessions with experts An important step after the definition of the 
three ITS related transport concepts was to provide brief descnptions and a visualisation of 
the three ITS related transport concepts to make them understandable in the context of the 
SP/HII survey The strategy to hire a young artist that would use his visualisation skills in 
close collaboration with the research was very fruitful and also another example of the 'open' 
research approach that charactenses this research 
Considering step 2, the main step after the specification and visualisation of the three 
ITS related transport concepts was the set up and execution of the SP/HII study to estimate 
the contribution of the three ITS related transport concepts to ollice location preferences In 
determining the attributes and corresponding values it turned out that a hierarchical 
information integration (HII) approach was needed For this research this meant that two 
experiments were needed one focussing on accessibility related factors, and a second for 
general location factors The main advantage of the SP/HII approach was that the method 
matched the trade-oft situation between accessibility and location factors that is experienced 
by organisations in their search for a new olfice Furthermore, a clear advantage of the SP/HII 
method is that by using fractional profile designs it is easy for respondents to understand their 
rating task Thus, the use of a survey questionnaire to conduct the SP/HII experiment 
appeared logical to respondents allowing a smooth filling out ol the questionnaire Although 
expected, the non-response level was high An important improvement of the followed 
approach is the emphasis on techniques to increase the level of response This can be achieved 
through different measures, which were taken in this research, related to the questionnaire 
itself, such as lay-out, high quality paper and an introductory letter and a stamped response 
envelope Furthermore, respondents in this research were approached through one mailing 
only If more time and money had been available, a second mailing and repetitive telephone 
calls would have been helpful to increase the response level This was not done in this study 
It was promising that after analysing the results it appeared that the response group 
represented the population sample well Furthermore, the results also showed that the 
conceptual framework was chosen adequately, building on much reported research findings 
The three ITS related transport concepts appeared to influence the preference for accessibility 
positively 
A disadvantage of this SP/HII approach is that by using fractional profile designs the 
number of attributes is still limited even though the hierarchical structure (HII) allows more 
attributes than a straightforward SP study This means that only the most important attributes 
in location preferences can be tested, leaving out less important but still relevant attributes 
without testing Another disadvantage of the SP/HII method used in this research is that the 
assumptions for the chosen decision rules, and model specifications, such as an additive 
model, are not tested Therefore, it is not clear now, what the accessibility and general 
location model would look like if a multiplicative model had been chosen and/or if the 
interaction effects could have been modelled 
The final step was to analyse the predictive validity of the models In order to do this a 
survey questionnaire was set up for organisations from Nijmegen and Amhem, two medium 
sized Dutch cities The questionnaire presented real office locations described by the same 
attributes as profiles from the SP/HII survey questionnaire It was decided to present five 
locations in four different situations a O-situation, representing the status quo, and three ITS 
related transport concepts The approach to work with different ITS implementations to reveal 
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the contribution of ITS related transport concepts seemed successful It confirmed the 
influence of ITS related transport concepts on the accessibility preferences for office 
locations A disadvantage of this approach is that the explanations for possible deviations 
between modelled and observed preferences are hard to find, which often implies the demand 
for additional research An alternative approach to the use of questionnaire designs to test the 
predictive validity could have been a focus on a small sample group using face-to-face 
questionnaire interviews In these interviews office keeping organisations (in the form of 
respondents) could be asked to rate both hypothetical profiles and more realistic office 
locations, for example the office locations in their city This alternative approach might give 
more understanding of the influence oi context knowledge on differences that are found 
between the predicted SP/HII scores and the observed scores in the validity study 
In conclusion the 'open' approach worked out well A threat to the research was that 
one step would hamper later steps, as these used the outcomes of earlier steps as input 
Especially the morphological analysis certainly slowed the research process down However it 
never became a serious barrier to the research It provided the essential input to the rest of the 
research the three ITS-related transport concepts The performance of the SP/HII and the 
validity study were earned out as planned A second conclusion is that an approach that can 
be marked as 'positivistic' or traditional is able to provide meaningful and solid results that 
can be generalised to a larger population 
7.4 Further research 
With this dissertation first steps have been made into the research of ITS related transport 
concepts and the preferences of office keeping organisations for office locations Despite the 
interesting results presented in chapters 3 to 6, many questions remain unanswered As a 
consequence additional research is proposed In general more research is needed in at least 
five domains The first research domain is based on unanswered questions that are directly 
related to the research described m this dissertation Domain 2, 3, 4 and 5 are indirectly 
related and mainly inspired by the research desenbed in this dissertation 
1 A first approach aims at a specification and enrichment of the ITS related transport 
concepts of the research described in this dissertation At first this could be done by 
increasing the number of ITS concepts, and therewith the attributes that are used in a 
stated preference research Secondly, the number of values can also be increased Such 
a new research could focus on an accessibility expenment only, thereby allowing the 
inclusion of more attributes and levels This research focused on motorways, train 
stations and three ITS related transport concepts, each having two levels New 
research could include more ITS related transport concept attributes also having more 
levels This differentiation would gain insight into the trade-off between more variants 
of ITS concepts and conventional transport concepts Furthermore, the use of more 
attribute levels, in this research expressed in distances or available versus not 
available, could provide a greater understanding of the critical distance values for the 
proximity of the different transport concepts for office locations that are perceived by 
organisations used in this research It could pinpoint present turning points in 
evaluating distance levels to transport concepts 
Further subsequent research could also perform a series of in-depth interviews 
with company representatives in order to gain insight into explanatory variables that 
have remained unanswered It is for example unclear why organisations from the city 
of Groningen differ systematically in the part worth utility scores for the three ITS 
related transport concepts from the other cities that are included in the response group 
Such interviews could also focus on the difference that is found between hypothetical 
SP/HII location profiles as presented in chapter 5 and location profiles with the same 
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attributes and level descriptions but now representing real office locations as 
performed in the validity study which is described in chapter 6 Finally, in this way it 
could also be revealed which elements in the three ITS related transport concepts are 
most appealing to office keeping organisations Of course it is possible to combine 
both sub approaches 
2 The second research domain should aim at an elaboration of the theoretical framework 
as described m chapter 2 The research in this dissertation focuses on the behavioural 
approach of location theory Institutional location theory however proposes the 
inclusion of actors that are involved in the supply side of office location development 
These actors are for example municipalities which plan office locations and 
companies that are involved in land speculation and development, such as real estate 
companies or construction firms An approach to include actors on the supply side of 
location development would elaborate insight into the influence of ITS related 
transport companies both on the demand side (which is already performed in this 
dissertation) but also on the supply side (see Argiolu et al, 2007) The design of such 
research could be based on Stated Preference surveys for a small number of 
respondents from the supply side such as policymakers in spatial and transport 
planning, and representatives from firms that are involved in land development This 
could be supported by in-depth interviewing with these respondents to reveal 
background issues, context elements and explaining variables 
3 A third domain would include a repetition of the described research but then focusing 
on different segments or sectors instead of office keeping organisations Let us thereby 
assume that such research into the retail and household sectors in general could use 
similar future ITS related transport concepts as proposed in this research Such an 
approach could, for example, focus on residential areas The possible respondents 
could be formed by representatives of households As it is not clear how important 
accessibility is for different classes of households, and how it is constituted such an 
approach could also use a HU, based on hierarchical information processing A first 
experiment could focus on the constitution of accessibility lor housing locations 
including attributes like the proximity to current transport concepts and future ITS 
related transport concepts A second experiment could include general location 
preferences for housing locations Such research could be similar to the one described 
in this dissertation 
4 A fourth domain could focus on business and industrial sites and ITS related transport 
concepts that are based on the transport of goods Such research would imply the 
redefinition of the theoretical approach based on the specific role of accessibility in 
location theory for business and industrial sites Furthermore, the specification of the 
ITS related transport concepts should be based on the development of ITS for freight 
transport From that perspective it seems possible to use the same general research 
steps as those desenbed in this dissertation 1 ) specification of ITS concepts for freight 
transport 2) design of location preference study and 3) the validity of the model 
predictions 
5 A fifth domain of research could focus on the more genene implications of an 
increased use of ITS in transport policy This dissertation mainly focused on the 
implications of three specific cases of ITS concepts leading towards accessibility 
improvements of locations Contrary or parallel to the development of location based 
ITS concepts is a development of the more generalised effects of ITS For example it 
is possible that due to ITS, transport costs will decrease in the future For logistics 
organisations, for example, this could lead to a new trade off between location factors 
in which accessibility, as one of the location factors, becomes less important 
118 Office location choice behaviour and Intelligent Transport Systems 
7.5 Public policy recommendations 
In spite of the outcomes, uncertainties and the call for new research on this subject, vanous 
implications for transport policy can be drawn from this dissertation What is previously 
concluded is that ITS related transport concepts do influence the accessibility of office 
keeping organisations and they do, lo a lesser extent, change the preference for office 
locations For medium-sized western cities the pressure from private companies and the 
public to invest in the city transport network is equal to the problems that are related with 
mobility In the Netherlands for sure these problems are perceived as serious and increasing 
The decisions of spatial and transport planners about office locations and infrastructure are 
heavily influenced by political negotiations between stakeholders, but they need sound and 
accepted knowledge on the facts and impacts In the future their options for transport modes 
will become richer, influenced by new technology in transport This dissertation reveals that 
the investment in one ITS related transport concept leads to different preferences, choices and 
a different geographical structure than if investments are made in another ITS related 
transport concept Large financial organisations were, for example, more interested in 
automatic car lanes than in the People Mover systems from Park and Ride In general it is 
expected from office keeping organisations that an investment in automatic car lanes, which 
often he close to office parks at the city fringe (as is visualised in the validity cases), could 
reinforce existing interest in those locations The results for organisations that are labelled as 
stationenes and non-profit organisations confirms that the O-hypotheses should be rejected 
more than average they prefer the proximity of public transport facilities, which was made 
visible by their interest in the ITS concepts People Mover from Park and Ride and the 
automatic bus lane Overall the automatic bus lane was preferred most, possibly explained by 
the fact that it is considered most realistic Therefore municipalities should scan the strong 
and weak points of their transport network and link these to office location plans Given the 
pursued goals of ITS (improving safety, throughput in networks and travel comfort) it is 
assumed that any investment in systems similar to the characteristics of the three ITS related 
transport concepts will generate competitive advantages for these parts of the transport 
network from the perspective of transport performance and attractiveness for travellers 
A second more general recommendation is the call for active participation of different 
government layers in the development of ITS In this research no specific attention is paid to 
the scale of the distributive effects that can result from the implementation of ITS related 
transport concepts On a regional level it shows that the geographical distribution of economic 
activity can change On the international level it could also imply that one urban 
agglomeration, for example the Randstad region with Amsterdam, Rotterdam and The Hague 
which is suffering from accessibility problems, can gain competitive advantages from ITS 
investments compared to similar regions in Europe The morphological analysis of chapter 3, 
resulting in promising ITS related transport concepts in terms of the potential to improve the 
accessibility of office keeping organisations, in combination with the results of chapter 5 and 
6, shows that the current situation offers many chances for cities to design promising 
strategies on spatial and transport planning However, the technology is developing mainly 
alongside market forces separate from public policy The time is now for politics and public 
policy to influence the development of ITS technology in order to increase the chances that 
ITS concepts emerge that improve accessibility 
References 
Abdel-Aty, M., P. Jovanis, R. Kitamura (1996) The impact of advanced transit information on 
commuters' mode changing, ITS Journal, Vol. 3, No. 2, pp. 129-146 
ADASE 2 (2003) Results of the state-of-the-art of ADASE-II, Contract number 1ST-2000-
28010, Deliverable D2a, Brussels 
Addelman, S. (1962) Orthogonal main-effect plans for asymmetrical factorial experiments, 
Technometrics, Vol. 4, pp. 21-46 
Adler, J. (2001) Investigating the learning effects of route guidance and traffic advisories on 
route choice behaviour, Transportation Research Part C, Vol. 9, pp. 1-14 
Advisory Council for Transport Public Works and Water (2003) 'Bewust mobiel, beter 
bereikbaar', The Hague (In Dutch) 
Anderson, N. (1981) Foundations of information integration theory. Academic press. New 
York 
Arentze, T., Α. Borgers, H. Timmermans, R. DelMistro (2003) Transport stated choice 
responses: effects of task complexity, presentation format and literacy. Transportation 
Reseacrh Part E, Vol. 39, pp. 229-244 
Argiolu, R. (2003) Innovatief openbaar vervoer. Rooilijn, No 9, pp. 436-442 (In Dutch) 
Argiolu, R., J-W van der Pas, V. Marchau, Ν. Dragutinovic, G. Hegeman, Κ. van Wees, E. 
Jagtman (2006) The Future of Advanced Driver Assistance Systems, TRAIL conference CD-
ROM, November 21 s ' Netherlands 
119 
120 Office locjlion choice hehjviour and Intelligem Transport Systems 
Argiolu, R , R van der Heijden & V Marchau (2007) ITS-based transport concepts and 
locational preference Will ITS change 'business as usual'9 In Ρ Coto-Milan, V 
Inglada (Eds ) Essays on Transport Economies, Springer-Verlag, London 
Atzema, Ο , Ε Wever (1994) De Nederlandse Industrie Ontwikkeling, spreiding en 
uitdaging. Van Gorcum Assen (In Dutch) 
Banister, D (1994) Transport Planning, E & FN SPON, London 
Banister, D (2002) Transport Planning, SPON, London 
Banister, D , D Stead, Ρ Steen, J Akerman, Κ Dreborg, Ρ Nijkamp, R Sleicher-Tappeser 
(2000) European Transport Policy and Sustainable Mobility SPON Press, London 
Basbas, S (Ed ) (2006) Advances in city transport case studies. Series Advance·, in 
Transport, Vol 17, WIT press, Southampton 
Bell, M (2006) Policy issues for the future intelligent road transport infrastructure, 1EE 
Proceedings Intelligent Transport Systems Vol 153, No 2, pp 147-155 
Bertozzi, M , A Broggi, A Fascioli (2000) Vision-based intelligent vehicles State of the art 
and perspectives. Robotics and Autonomous Systems, Vol 32, pp 1-16 
Bishop, R (2005) Intelligent Vehicle Technology and Trends, Artech House ITS Library, 
Artech House, Boston 
Bok, S de, F Sanders (2005) Firm relocation and accessibility of locations Empirical results 
from the Netherlands, Transportation Research Record No 1902, pp 35-43 
Borjeson, L, M Hojer, K-Η Dreborg, Τ Ekvall, G Finnveden (2006) Scenano types and 
techniques towards a user's guide. Futures, Vol 38, pp 723-739 
Bos, I , R van der Heijden, E Molin and H Timmermans (2004) The choice of park and ride 
facilities an analysis using a context-dependent hierarchical choice experiment, Environment 
and Planning A, Vol 36, No 9, pp 1673-1686 
Boyle, L , F Mannering (2004) Impact of traveller advisory systems on driving speed some 
new evidence. Transportation Research Part C, Vol 12, pp 57-72 
Bradley, M (1988) Realism and adaptation in designing hypothetical travel choice concepts. 
Journal of transport economics and policy. Voi 22, No l,pp 121-137 
Bnnkman, J (2000) De Vragenlijst, Wolters-Noordhoff Groningen (In Dutch) 
References 121 
Bruinsma, F , Ρ Rietveld (2007) The role of infrastructure in location preferences of firms an 
overview of empincal research for the Netherlands, In M van Geenhuizen et al (Eds) Policy 
analysis of transport networks (pp 215-234), Ashgate, Hampshire, England 
Buitelaar, E , R van der Heijden, R Argiolu (2007) Managing traffic by privatisation of road 
capacity a property rights approach. Transport Reviews, Vol 27, No 6, pp 699-713 
Carsten, Ο , M Fowkes, M Tate (2000) Implementing Intelligent Speed Adaptation in the 
UK Recommendations of the EVSC Project In Proceedings of the 7th World Congress on 
Intelligent Transport Systems, ITS Congress Association, Brussels 
Chan, C-Y, Β Litkouhi (1998) Technological challenges in the development of AHS, ITS 
Joumal,Vo\ 4, pp 81-100 
Chatterjee, A , F Wegmann, M Adams (1983) Non-commitment bias in public opinion on 
transit usage. Transportation, Vol 11, pp 347-360 
Chorus, C , E Molin, Β van Wee, Τ Arentze, Ζ Sun, H Timmermans (2006a) Personal 
Intelligent Travel Assistants ΡΙΤΑ, Tijdschrift Vervoerwetenschap, No 2, pp 4-9 
Chorus, C , E Molin, Β van Wee (2006b) Use and Effects of Advanced Traveller 
Information Services (ATIS) A Review of the Literature, Transport Reviews, Vol 26, No 2, 
pp 127-149 
Clement, S , M Taylor, W Yue (2004) Simple platoon advancement a model of automated 
vehicles movement at signalised intersections. Transportation Research Part C, Vol 12, pp 
293-320 
Couture, M , R Dooley (1981) Analyzing traveller attitudes to resolve intent and actual use of 
a new transit service. Transportation Research Record 794, Transportation Research Board, 
pp 27-33 
Daniels, Ρ (1975) Office location, an urban and regional study. Bell and Sons, London 
Dennis, W (2003) Raising response rates in mail surveys of small business owners results of 
an expenment, Journal of small business management. Vol 41, No 3, pp 278-295 
Dessouky, M , R Hall, A Nowroozi, Κ Mounkas (1999) Bus dispatching at timed transfer 
transit stations using bus tracking technology. Transportation Research Part C, Vol 7, pp 
187-208 
Dijk, J van, Ρ Pellenbarg (2000) Firm relocation decisions in The Netherlands An ordered 
logit approach. Regional Science, Vol 79, pp 191-219 
Doom, J van, F van Vught (Eds ) (1981) Nederland op zoek naar zijn toekomst. Intermediair 
Amsterdam, the Netherlands (In Dutch) 
122 Office location choice behaviour and Intelligent Transport Systems 
Doom, J van, F van Vught (1978) Forecasting, Methoden en technieken voor 
toekomstonderzoek. Van Gorcum Assen, The Netherlands (In Dutch) 
Dragutinovic, Ν , Κ Brookhuis, M Hagenzieker, V Marchau (2005) Behavioural effects of 
Advanced Cruise Control Use a meta-analytic approach, European Journal of Transport and 
Infrastructure Research, Vol 5, No 4, pp 267-280 
Dnel, C van, Β Van Arem (2004) What about the integration of driver support functions9 
ITS World 2004 CD-ROM, Nagoya, Japan 
Dnel, C van, Β van Arem (2005) Investigation of user needs for driver assistance results of 
an internet questionnaire, European Journal of Transport and Infrastructure Research, Vol 
5, No 4, pp 297-316 
Dnel, C van, M Hoedemaeker, Β van Arem (2006) Impacts of a Congestion Assistant on 
driving behaviour and acceptance using a driving simulator. Transportation Research Part F, 
Vol 10, No 2, pp 139-152 
Dutch Ministry of Transport and Waterways (1987) Over de hoge snelheids autoweg naar 
Parijs, Anno 2050, Rijkswaterstaat Den Haag (In Dutch) 
Elgar, I , E Miller (2006) A Conceptual Model of Small Office Firm Location, TRB 2006 
Annual Meeting CD-ROM, Washinghton 
Emmennk, R , Κ Axhausen, Ρ Nijkamp, Ρ Rietveld (1995) Effects of information in road 
transport networks with recurrent congestion. Transportation, Vol 22, pp 21-53 
Enksson, Τ (2002) Scenano Development using Computer Aided Morphological Analysis, 
presented at Cornwalhs IIV, International OR Conference, England 
Feijter, R de (2006) Controlling high speed automated transport network operations, TRAIL 
thesis series no T2006/9, TRAIL, Delft 
Feitelson, E , I Salomon (2000) The implications of differential network flexibility for spatial 
structures, Transportation Research Part A Policy and Practice, Vol 34, No 6, pp 459-479 
Fnend, J , A Hickling (1988) Planning under pressure the strategic choice approach, The 
journal of the operational research society, Vol 39 No 11, pp 1067-1078 
Fujn, S , Τ Garling (2003) Application of attitude theory for improved predictive accuracy of 
stated preference methods in travel demand analysis. Transportation Research A, Vol 37, pp 
389-402 
References 123 
Fujita, Μ , Ρ Krugman (2004) The new economic geography Past, present and future. 
Papers in regional science. Vol 83, pp 139-164 
Geels, F (2002) Technological transitions as evolutionary reconfiguration processes a multi­
level perspective and a case study, Research Policy, Vol 31, pp 1257-1274 
Geels, F (2005) Processes and patterns in transitions and system innovations refining the co-
evolutionary multi-level perspective, Technological Forecasting & Social Change, Vol 72, 
pp 681-696 
Gemeente Den Haag (2004) Bouwen en Parkeren m Den Haag, (Building and parking in The 
Hague) (downloaded from www denhaag nl) (In Dutch) 
Geurs, Κ, J van Eck (2001) Accessibility measures Review and applications, Research for 
men and environment (RIVM), Bilthoven, The Netherlands 
Geurs, Κ , Β van Wee (2004) Accessibility evaluation of land-use and transport strategies 
review and research directions. Journal of Tran sport Geography, Vol 12, pp 127-140 
Goldenberg, J , D Mazursky, S Solomon (1999) Essays on science and society Creative 
sparks. Science, Vol 3, No 5433, pp 1495-1496 
Gohas, J , G Yannis, C Antomou (2002a) Classification of driver-assistance systems 
according to their impact on road safety and traffic efficiency, Transport Reviews, Vol 22, 
No 2, pp 179-196 
Gohas, J , C Antomou, G Yannis (2002b) A methodology for the estimation ol traffic and 
related impacts of Advanced Dnver Assistance Systems, Intelligent Transportation Systems, 
Vol 6,pp 261-277 
Green, Ρ , V Roa (1971) Conjoint measurement for quantifying judgmental data, Journal of 
Marketing Research, Vol 8, No 3, pp 355-363 
Grübler, A (1991) Diffusion, Long-Term patterns and discontinuities. Technological 
Forecasting and Social Change, Vol 39, pp 159-180 
Grübler, A , Ν Nakicenovic (1991) Evolution of transport systems, past and future, 
Laxenburg International Institute for Applied Systems Analysis, Asutna 
Guldner, J , S Patwardhan, Η-S Tan, W-B Zhang (1999) Coding road information for 
automated highways, ITS Journal, Vol 4 pp 187-207 
Hall, R (1995) The architecture of transportation systems. Transportation Research Part C, 
Vol 3 No 3, pp 129-142 
124 Office location choice behaviour and Intelligent Transport Systems 
Hall, R , C Chin (2005) Vehicle sorting for platoon formation Impacts on highway entry and 
throughput, Transportation Research C, Vol 13, pp 405-420 
Hair, J , R Anderson, R Tatham, W Black (1998) Multivariate Data Analysis, Prentice-Hall 
International, London 
Heijden, R van der (1986) A decision support system for the planning of retail facilities. 
Dissertation, Eindhoven University of Technology 
Heijden, R van der, R Argiolu, I Bos, V Marchau (2006) Innovating urban public transport 
some recent developments in the Netherlands, In Basbas (Ed ) (2006) Advances in city 
transport case studies, Series Advances in Transport, Vol 17, WIT press, Southampton 
Heijden, R van der, V Marchau (2002) Innovating road traffic management by ITS a future 
perspective', International Journal of Technology Policy and Management, Vol 2, No l,pp 
20-39 
Heijden, R van der, H Timmermans (1988), The spatial transferability of a decompositional 
multi-attnbute preference model. Environment and Planning A, Vol 20, pp 1013-1025 
Heijden, R van der, Κ van Wees (2001) Introducing Advanced Driver Assistance Systems 
Some legal issues, European Journal of Transport and Infrastructure Research, Vol 1, No 3, 
pp 309-326 
Hensher, D , Ρ Stopher, J Louviere (2001) An exploratory analysis of the effect of numbers 
of choice sets in designed choice experiments an airline choice application, Journal of Air 
Transport Management, Vol 7, pp 373-379 
Holland, R (2000) Future directions for passenger information A Review of the potential 
application to public transport in the UK, ITS Journal, Vol 6, pp 25-44 
Hojer, M (1998) Transport telematics in urban systems. Transportation Research Part D, 
Vol 3, No 6, pp 445, 463 
Hojer, M , L-G Mattsson (2000) Determinism and backcasting in future studies, Futures, 
Vol 32, No 7, pp 613-634 
Hoogendoom, S, M Minderhoud (2001) ADAS impact assessment by micro-simulation, 
European Journal of Transport and Infrastructure Research, Vol l ,No 3, pp 255-275 
Horst, R van der (2006) Getting there & away. Dissertation, Faculty of Geosciences, Utrecht 
University 
References 121 
Hoteling, H (1929) Stability in competition, The economic journal. Vol 39, No 153, pp 41-
57 
Houtenbos, M , H Jagtman, M Hagenzieker, Ρ Wieringa, A Hale (2005) Understanding 
road user's expectations an essential step for ADAS development, European Journal of 
Transport and Infrastructure Research, Vol 5, No 4, pp 253-266 
Inbo Adviseurs (2001) Kantoorgebruikers in Beweging 2001, Amsterdam (In Dutch) 
Jain, A , F Acito, Ν Malhotra, V Mahajan (1979) A comparison of the interval validity of 
alternative parameter estimation methods in decompositional multi-attribute preference 
models. Journal of Marketing Research, Vol 16, No 3, pp 313-322 
Jagtman, Η , A Hale, Τ Heijer (2005) A support tool for identifying evaluation issues ol road 
safety measures. Reliability Engineering and Safety System, Vol 90, pp 206-216 
Janelle, D (1969) Spatial reorganisation A model and concept, Annah of the Association of 
American Geographer?, Vol 59, pp 348-364 
Janelle, D , A Gillespie (2004) Space-Time constructs for linking information and 
communication technologies with issues in sustainable transportation. Transport Reviews, 
Vol 24, No 6, pp 665-677 
Johnston, R, C Rödler (1999) Automated Highways, elfects on travel, emissions, and 
traveller welfare, Journal of Transportation Engineering, May/June, pp 186-192 
KAN (2002) KAN Vastgoedrapportage 2002, Knooppunt Arnhem Nijmegen, Nijmegen (In 
Dutch) 
KAN (2005) KAN-Vastgoedrapportage 2005, Knooppunt Amhem-Nijmegen, Nijmegen (In 
Dutch) 
Khattak, A , F Koppelman, J Schofer (1993) Stated preferences for investigating commuter's 
diversion propensity. Transportation, Vol 20, pp 107-127 
Kim, J , F Pagliara, J Preston (2005) The intention to move and residential location choice 
behaviour, Urban Studies, Vol 42, No 9, pp 1621-1636 
Kloosterman, R , S Muslerd (2001) The polycentnc urban region Towards a research 
agenda, Urban Studies, Vol 38, No 4, pp 623-633 
Koopman, Ρ , M Bayouth (1998) Orthogonal capability building blocks for flexible AHS 
Deployment, ITS Journal, Vol 4, pp 1-19 
Korteweg, Ρ ( 1994) Vernieuwde kantoorgebouwen op de kantorenmarkt van Rotterdam, 
STEPRO, University of Utrecht, Netherlands (In Dutch) 
126 Office location choice behaviour and Inlelligent Transpon Systems 
Kroes, E , R Sheldon ( 1988) Stated Preference methods an introduction. Journal of 
Transport Economics and Policy, Vol 22, No 1, pp 11-26 
Lambooy, J , E Wever, O Atzema (1997) Ruimtelijke economische dynamiek, Coutinho, 
Bussum, The Netherlands (In Dutch) 
Lee, S (2003) A new urban form and ITS innovative transportation strategy to accommodate 
urban growth, Transportation, Planning and Technology, Vol 26, No 5, pp 361-375 
Levmson, D (2003) The value of advanced traveller information systems for route choice. 
Transportation Research C, Vol 11, pp 75-87 
Levitan, L, G Golembiewski, J Bloomfield (1998) Human factors issues for automated 
highway systems, ITS Journal, Vol 4, pp 21-47 
Louw, E ( 1996) Kantoorgebouw en Vestigingplaats, een geografisch onderzoek naar de rol 
van huisvesting bij locatiebeshssingen van kantoorhoudende organisaties, Stedelijke en 
Regionale Verkenningen 12, Delftse Universitaire Pers (In Dutch) 
Louviere, J (1984) Hierarchical information integration a new method for the design and 
analysis of complex multiattnbute judgement problems, Advances m Consumer Research, 
Volume XI Ed Th C Kinnear, pp 148-155 
Louviere, J , H Timmermans (1990) A review of recent advances in decompositional 
preference and choice models. Journal for economic and human geography. Vol 81, No 3, 
pp 214-224 
Lukkes, P , A Knst, Ρ van Steen (1987) Kantorenmarkt Investeren en Ruimte, Vonk 
Uitgevers, Zeist (In Dutch) 
Lu, Μ , Κ Weevers, R Van der Heijden (2005) Technical feasibility of Advanced Driver 
Assistance Systems (ADAS) for road traffic safety. Transportation Planning and Technology, 
Vol 28, No 3, pp 167-187 
Marchau, V , (2000) Technology Assessment of Automated Vehicle Guidance Prospects for 
automated driving implementation, TRAIL Thesis Series, nr 2000/1, TRAIL, Delft 
Marchau, V , R van der Heijden (2003) Innovative methodologies for exploring the future of 
automated vehicle guidance, Journal of Forecasting, Vol 22, pp 257-276 
McClave, J , F Dietrich, Τ Sincich (1997) Statistics, Prentice-Hall International, London 
Meester, W , Ρ Pellenbarg (2006) The spatial preference map of Dutch entrepreneurs 
subjective rating of locations, 1983, 1993 and 2003, Tijdschrift voor Economische en Sociale 
Geografie, Vol 97, No 4, pp 364-376 
References 127 
Meurs H , R Haaijer (2001) Spatial structure and mobility, Transportation Research Part D, 
Vol 6, pp 429-446 
Michael, J , D Godbole, J Lygeros, R Sengupta ( 1998) Capacity analysis of traffic flow over 
a single-lane automated highway system, ITS Journal, Vol 4, pp 49-80 
Miles, J , A Walker (2006) The potential application of artificial intelligence in transport, IEE 
Proceedings on Intelligent Transport Systems, Vol 153, No 3, pp 183-198 
Miller, M , A Bresnock, S Shladover, E Lechner (1997) Regional mobility impacts 
assessment of Highway Automation, In loannou (Ed ) Automated Highway Systems, Plenum 
Press, New York 
Miller, M , S Shladover, S Fishman (2002) Cooperative Vehicle-Highway Automation 
Systems Opportunities for Demonstrated Benefits, Proceedings of the 9" World congress on 
Intelligent Transport Systems, Chicago (CD-ROM) 
Molin, E (1999) Conjoint Modeling approaches for residential group preferences, 
Dissertation, Bouwstenen Nr 53, Delft University of Technology 
Molin, E , H Oppewal, H Timmermans (2000) A companson of full profile and hierarchical 
information integration conjoint methods to modelling group preferences. Marketing Letters, 
Vol 11, No 2, pp 165-175 
Muilerman, G (2001) Time based logistics, An analysis of the relevance, causes and impacts, 
TRAIL Thesis Senes, nr 2001/2, TRAIL, Delft 
National Mobility Report (2004) Nota Mobiliteit, naar een betrouwbare en voorspelbare 
bereikbaarheid, Dutch Ministry of Transport, Public Works and Water Management (In 
Dutch) 
National Transport and Traffic plan (2001) Van A naar Beter, Dutch Ministry of Transport, 
Public Works and Water Management (In Dutch) 
National Spatial Strategy (2004) Report from Ministries of Housing, Spatial Planning and the 
Environment, Ministry of Agriculture, Nature and Food quality. Ministry of Transport Public 
Works and Water Management and Ministry of Economic Affairs, The Hague (In Dutch) 
Notten, Ρ van, J Rotmans, M van Asselt, D Rothman (2003) An updated scenano typology. 
Futures, Vol 35, pp 423-433 
OECD (2003) Road safety impact of new technologies, ISBN-92-64-10322-8, Pans 
Oomen, J , F Biesboer (2006) In een uur naar Verweggistan, De Ingenieur, No 6 (In Dutch) 
128 Offlce location choice behaviour and Intelligent Transport Systems 
Oppewal, H , J Louviere, H Timmermans (1994) Modeling Hierarchical Conjoint Processes 
with Integrated Choice Expenments, Journal of Marketing Research, Vol 31, No 1, pp 92-
105 
Parent, M (2007) Advanced urban transport Automation is on the way, IEEE Intelligent 
Systems, March/Apnl 2007, pp 9-11 
Pas, J-W van der, V Marchau, W Walker (2006) An analysis of international public policies 
on advanced driver assistance systems, ITS World 2006 CD-ROM, London 
Pellenbarg, Ρ , L van Wissen, J van Dijk (2002) Office keeping organisation relocation 
state of the art and research prospects SOM Research Report 02D31, University of 
Groningen 
Pen, C (2002) Wat beweegt bedrijven9 Besluitvormingsprocessen bij verplaatste bedrijven, 
Netherlands, Dissertation, Geographical Studies, 297, Groningen (In Dutch) 
Porter, Α , Τ Roper, Τ Mason, F Rossini, J Banks (1991) Forecasting and management of 
technology, John Wiley & Sons, United States of Amenca 
Polak, J , Ρ Jones (1993) The acquisition of pre-tnp information A stated preference 
approach. Transportation, Vol 20, pp 179-183 
Pnemus, Η (2001) Waarom is er nog steeds geen hoogwaardig stadsregionaal openbaar 
vervoer
9
 B&G oktober 2001, pp 6-8 (In Dutch) 
Pnemus, Η , Ρ Nijkamp, D Banister (2001) Mobility and spatial dynamics an uneasy 
relationship, Journal of Transport Geography, Vol 9, pp 167-171 
Regan, Μ , Κ Young, Τ Triggs, Ν Tomasevic, E Mitsopoulos, Ρ Tiemy, D Healy, C 
Tingvall, Κ Stephan (2006) Impact on driving performance of intelligent speed adaptation, 
following distance warning and seatbelt reminder systems, key findings from the TAC 
SafeCar project, IEE Proceedings- Intelligent Transport Systems, Vol 153, No l,pp 51-62 
Regionaal Plan 2005-2020 (2005) Knooppunt Amhem-Nijmegen (Regional structure plan for 
the KAN-region) (In Dutch) 
Ritchey, Τ (2006) Problem structunng using computer-aided morphological analysis, Journal 
of the Operational Research Society, Vol 57, pp 792-801 
Ritchey, Τ , M Stenstrom, H Eriksson (2003) Using Morphological Analysis to evaluate 
Preparedness for Accidents Involving Hazardous Matenals (downloaded from 
www swemorph com) 
References 129 
Ritchey, Τ (2002) Modelling Complex Socio-Techmcal Systems Using Morphological 
Analysis Adapted from an address to the Swedish Parliamentary IT Commission, Stockholm, 
December 2002 (downloaded from www swemorph com) 
Ritchey, Τ (2003) Nuclear Facilities and Sabotage Using Morphological Analysis as a 
Scenano and Strategy Development Laboratory, Adaptation of a Chapter delivered to the 44 lh 
Annual Meeting of the Institute of Nuclear Materials Management, Phoenix, Arizona, July 
2003 (downloaded from www swemorph com) 
Robinson, J (1990) Futures under glass A recipe for people who hate to predict, Futures 22 
Vol 9,pp 820-843 
Rodier, C , R Johnston, D Shabazian (1998) Evaluation of advanced transit alternatives 
using consumer welfare, Transportation Research Part C, Vol 6, pp 141-156 
Sapsford, R (1999) Survey Research, SAGE Publications, London 
Scheffé, Η (1956) Alternative models for the analysis of variance, The annals of 
mathematical statistics. Voi 27, No 2, pp 251-271 
Schwanen, Τ , M Dijst, F Dieleman (2004) Policies for urban form and their impact on 
travel The Netherlands experience, Urban Studies, Vol 41, No 3, pp 579-603 
Shladover, S, J VanderWerf, M Miller, Ν Kouqanskaia (2001) Development and 
Performance Evaluation of AVCSS Deployment Sequences to Advance from Today 'ç Driving 
Environment to Full Automation, California PATH Research Report, University of California, 
Berkeley 
Sills, S, C Song (2002) Innovations in Survey Research, An application of web-based 
surveys, Social Science Computer Review, Vol 20, No l ,pp 22-30 
Simon, H (1957) Models of a man social and rational, John Wiley New York 
Simon, H (1960) The new science of'management decision New York Harper & Row 
Slovic, Ρ (1995) The construction of preference, American Psychologist. Vol 50, No 5, pp 
364-371 
Stardust (2001) Deliverable 1, Critical Analysis of ADAS/AVG options to 2010, selection of 
options to be investigated, European Commission Fifth Framework Programme, Energy 
Environment ad Sustainable Development Programme 
Steenkamp, J (1985) De constructie van profielsets voor het schatten van hoofdeffecten en 
interacties bij conjunct meten In Jaarboek van de Nederlandse Vereniging van 
Marktonderzoekers, pp 125-155 (In Dutch) 
130 Office location choice behaviour and Intelligent Transport Systems 
Structuurplan Amhem 2010 (2000) Gemeente Arnhem (Structure plan for the city of Amhem) 
(In Dutch) 
Targa, F , Κ Cliftonm Η Mahmassani (2006) Influence of transportation access on individual 
firm location decisions, TRB 2006 Annual Meeting CD-ROM, Washington 
Tayyaran, M , A Khan , D Anderson (2003) Impact of telecommuting and intelligent 
transportation systems on residential location choice, Transportation Planning and 
Technology, Wo] 26, pp 171-193 
Tayyaran, M , A Khan (2003) The effects of Telecommuting and intelligent transportation 
systems on urban development, Journal of Urban Tec hnology. Vol 10, No 2, pp 87-100 
Thunen, J von (1826) Der isolierte Staat m Beziehung auf Landwirtschaft und 
Nationalökonomie, Zweite aufläge (1842) (Reproduction in 1921, Jena Gustav Fischer 
Verlag) 
Timmermans, H (1982) Consumer choice of shopping centre an information integration 
approach. Regional Studies, Vol 16, pp 171 -183 
Timmermans, H , R van der Heijden, H Westerveid ( 1982) Cognition of urban retailing 
structures a Dutch case study. Tijdschrift voor Economische en Sociale Geografie, Vol 73, 
pp 2-12 
Timmermans, H , R van der Heijden, H Westerveid (1983) Conjoint measurement of 
individual preference functions some tests of validity, Area, Vol 15, No 3, pp 245-250 
Timmermans, H (1983) Non-compensatory decision rules and consumer spatial choice 
behaviour a test of predictive ability, Professional Geographer, Vol 35, No 4, pp 449-455 
Timmermans, H (1984) Decompositional multiattnbute preference models in spatial choice 
analysis a review of some recent developments, Progress in Human Geography, No 8, pp 
189-221 
Timmermans, H , A Borgers, J van Dijk and Η Oppewal ( 1992) Residential choice 
behaviour of dual earner households a decompositional joint choice model, Environment and 
Planning A,\o\ 24, pp 517-533 
Toledo, Τ , R Beinhaker (2006) Evaluation of the potential benefits of advanced traveler 
information systems, Journal of Intelligent Transportation Systems, Vol 12, No 4, pp 173-
183 
Varhelyi, A, Τ Makinen (2001) The effects of in-car speed limiters field studies. 
Transportation Research Part C, Vol 9, pp 191-211 
References 131 
Veeneman, W , R van der Heijden (1994) Gewogen wegen, infrastructuurvernieuwing in 
West-Brabant, motieven, percepties en effecten, TBM, TU Delft, The Netherlands (In Dutch) 
Velde, M van der (1992) Kantoren m West-Europa, Structuur en dynamiek. Dissertation, 
Wolters-Noordhof, Groningen (In Dutch) 
Vickerman, R, Κ Spiekermann, M Wegener (1999) Accessibility and Economic 
Development in Europe, Regional Studies, Vol 33, pp 1-15 
Vlassenroot, S , S Broekx, J de Mol, L Int Panis, Τ Brijs, G Wets (2007) Driving with 
intelligent speed adaptation Final results of the Belgian ISA-trial, Transportation Research 
PartA,Vo\ 41, pp 267-279 
Vocht, A de (1996) SPSS for Windows, Bijleveld Press (In Dutch) 
Walker, W (1985) Generating and screening alternatives. In Miser & Quade (Eds ) Handbook 
of systems analysis, John Wiley & Son, New York, pp 217-246 
Ward, J (1997) Step by step to an Automated Highway System - and beyond. In loannou 
(Ed ) Automated Highway Systems, Plenum Press, New York 
Wardman, M (1988) A comparison of revealed preference and stated preference models of 
travel behaviour, Journal of transport economics and policy. Vol 22, No 1, pp 71-91 
Warshaw, Ρ , F Davis (1984) Disentangling behavioural intention and behavioural 
expectation. Journal of experimental social psychology, Vol 21, pp 213-228 
Weber, A (1909) Ueber den Standort der Industrien, Ersten Teil Reine Theorie des 
Standorts (Zweite aufläge (1922)), Tubingen J C Β Mohr Verlag 
Wees, Κ van (1999) Liability aspects of dnver support systems. In Van der Heijden & 
Wiethoff (eds ) Automation of car Driving, TRAIL Studies in Transportation Science, No 
S99/4, Delft, pp 169-192 
Wees, Κ van (2004) Intelligente voertuigen, veiligheidsregulering en aansprakelijkheid. 
Dissertation, TRAIL Thesis Series, nr T2004/10, TRAIL, Delft (In Dutch) 
Wissema, J (1976) Morfologica! analysis. Its applications to a company TF investigation. 
Futures, Vol 8, Nr 2, pp 146-153 
Witlox, F (1998) Modelling site selection A relational matching approach based on fuzzy 
decision tables. Dissertation, Bouwstenen 49, Technische Universiteit Eindhoven, 
Zheng, Ρ , Μ McDonald (2005) Manual vs adaptive cruise control - Can driver's 
expectation be matched9, Transportation Research Part C, Vol 13, pp 421-431 
132 Office location choice behaviour and Intelligent Transport Systems 
Zuylen, H. van, M. Weber (2002) Strategies for European innovation policy in the transport 
field. Technological Forecasting & Social Change, Vol. 69, pp. 929-951 
Zwicky, F. (1967) Discovery, Invention, Research, Through the Morphological Approach, 
The Macmillan Company, Toronto 
Appendix Α. 
The SP/HII survey 
In appendix A 1 the basic questionnaire is presented which has been used to elicit the 
preferences of office keeping organisations regarding accessibility profiles, including three 
ITS related transport concepts, and general location profiles Because all organisations were 
selected on a so-called BIK code and were grouped in five groups accordingly (see Table 15), 
all questionnaires and accompanying letters were tagged with the first three letters of the 
group name For example, organisations marked as visuals were tagged with VIS This 
allowed for segments analysis for this organisation typology, which is described in paragraph 
5 7 
Appendix A 2 shows the full list of BIK-files on which Table 15 in chapter 4 is based 
Π3 
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A.l The questionnaire 
In this section the questionnaire is presented, which has been used in the Stated Preference 
study to elicit preferences of office keeping organisations for accessibility profiles, including 
three ITS related transport concepts, and general office locations. As the research was 
conducted in the Netherlands, the questionnaire texts are in Dutch. 
The accompanying letter 
Geachte heer/mevrouw, 
De wereld om u heen verandert razend snel. Zo verandert ook de technologie in het verkeer en vervoer. 
Op dit moment worden nieuwe vervoerswijzen getest en toegepast. Deze nieuwe ontwikkeling heeft ook 
invloed op de bereikbaarheid van uw organisatie en die van anderen. In het kader van een door de 
Nederlandse organisatie voor Wetenschappelijk Onderzoek (NWO) ondersteund onderzoeksprogramma 
doen wij onderzoek naar de invloed van nieuwe vervoerswijzen op de bereikbaarheid van 
kantoorlocaties in uw branche. In hel kader van dat onderzoek hebben wij deze vragenlijst uitgezet. Na 
een geruime afweging van een aantal criteria (bijvoorbeeld branche, stad, aantal werknemers) is uw 
organisatie door ons geselecteerd voor deelname aan dit onderzoek. 
Als u meewerkt aan dit onderzoek krijgt u inzicht in uw eigen voorkeuren voor bereikbaarheid en 
locatiekeuzes en, wellicht nog interessanter, inzicht in de voorkeuren van uw branchegenoten. 
De vragenlijst biedt voldoende uitleg. De invulling ervan kost 15 minuten U kunt de ingevulde 
vragenlijst retourneren per bijgevoegde relourenveloppe. Een postzegel is niet nodig. Voor eventuele 
vragen kunt u telefonisch (024 3613056) of pere-mail (r.argiolu@fm.ru.nl) contact opnemen met de 
heer drs. Raffael Argiolu. 
De antwoorden worden uiteraard anoniem geanalyseerd en gepubliceerd. Desgewenst kunt u aan het 
eind van de vragenlijst aangeven of u toezending per e-mail van een samenvatting van de resultaten 
(eigen gedrag + branche) op prijs stelt. 
Hopende op uw medewerking, 
Met vriendelijke groeten, 
Prof.dr ir. Rob van der Heijden, Hoogleraar Planologie, Radboud Universiteit Nijmegen 
Dr.ir. Vincent Marchau, Senior Onderzoeker, Technische Universiteit Delft 
Drs. Raffael Argiolu, Junior onderzoeker, Radboud Universiteit Nijmegen 
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The questionnaire 
De vragenlijst bestaat uit vier delen 
— DEEL 1 (p.l) bestaat uit algemene vragen over uw organisatie en uw kantoorvestiging. 
— DEEL 2 (p 2-4) bestaat uit zes vragen over drie nieuwe vervoerswijzen. 
— DEEL 3 (p 5-6) bestaat uit 11 combinaties van bereikbaarheid voor kantoorlocaties, die 
ter beoordeling worden voorgelegd. 
— DEEL 4 (p. 7-8) bestaat uit 21 combinaties van locatie-eigenschappen, die ter beoordeling 
worden voorgelegd. 
DEEL 1 Algemene vragen 
Vraag 1. Hoe typeert u het kantoorgebouw waar uw organisatie momenteel m is gevestigd7 (kruis 
de meest passende omschrijving aan) 
Π Modern kantoor op kantoorboulevard/locatie 
D Klassiek pand in oudere stadswijk 
D Functioneel kantoor m woonwijk 
Vraag 2. Wat is de viercijfenge postcode van uw huidige kantoorlocatie7 
Vraag 3. In welke branche is uw organisatie actief7 (kruis slechts één antwoord aan) 
D Financiële dienstverlening D Adviesdiensten 
D Facilitaire diensten G Non-profit sector 
Vraag 4 Hoeveel mensen van uw organisatie werken er ongeveer in het kantoor op de huidige 
locatie7 
Vraag 5. Hoeveel mensen (gemiddeld) bezoeken uw kantoor dagelijks7 
Vraag 6. Sinds welk jaar houdt uw organisatie op de huidige locatie kantoor7 
Vraag 7. Binnen hoeveel jaar verwacht u dat uw organisatie de huidige kantoorlocatie zal 
verwisselen voor een andere7 (kruis slechts één antwoord aan) 
D O - 1 jaar D 5 - 15 jaar 
Π 1 - 5 jaar D Weet ik met 
Vraag 8. In welke mate heeft u persoonlijk invloed op besluitvorming over de verhuizing van uw 
kantoor naar een andere locatie7 (omcirkel een getal) 
zeer kleine mate 1 2 3 4 5 6 zeer grote mate 
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DEEL 2 Drie nieuwe vervoerswijzen 
De invloed van verschillende vervoerswijzen (bijvoorbeeld de auto of de trein) op het 
locatiekeuzegedrag van uw organisatie staat centraal in dit onderzoek. Verderop in de vragenlijst 
wordt u gevraagd een waardering te geven voor de bereikbaarheid van een nieuwe kantoorlocatie. 
Er zullen u telkens combinaties van 5 vervoerswijzen ter beoordeling worden voorgelegd. De 
bereikbaarheid van de nieuwe kantoorlocatie beschouwen wij als afhankelijk van de afstand tot: 
^ Een autosnelweg toerit 
^ ^ Een treinstation 
% i Een automatische rijstrook toerit 
, '1 Een halte voor automatische bussen 
p«R Een halte People Mover naar P+R plaats 
De autosnelweg en het treinstation kent u al. De overige drie waarschijnlijk niet. Voordat u aan het 
experiment begint, krijgt u deze drie onbekende vervoerswijzen kort uitgelegd. Tevens worden er 
over de drie onbekende vervoerswijzen telkens 2 vragen gesteld. 
" De automatische rijstrook 
De automatische rijstrook bestaat uit één aparte afgeschermde rijstrook per richting op de huidige 
snelweg. Op deze aparte rijstrook rijden auto's, tegen betaling en uitgerust met een zogenaamde 
Autopilot, vol-automatisch. De Autopilot zorgt ervoor dat uw auto automatisch afstand houdt tot de 
voorganger en ook binnen de lijnen van de rijstrook blijft rijden. Reistijd op deze rijstrook is 
gegarandeerd. De automatische rijstrook verbindt steden met elkaar. 
Onderaan deze pagina staan twee illustraties van de automatische rijstrook. 
Vraag 9. In hoeverre denkt u dat de automatische rijstrook realiseerbaar is? (omcirkel een getal) 
zeer onrealistisch 1 2 3 4 5 6 zeer realistisch 
Vraag 10. In hoeverre denkt u dat de automatische rijstrook de algemene bereikbaarheid in een 
regio verbetert? (omcirkel een getal) 
zeker geen verbetering 1 2 3 4 5 6 zeker wel verbetering 
I l lus t ra t ies au tomat ische r i i s t rook 
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De automatische busbaan 
De automatische busbaan bestaat uit een milieuvriendelijke bus die gebruik maakt van een eigen 
vrije baan. De bus heeft voorrang bij kruispunten en rijdt op basis van een hoge frequentie. De bus 
wordt vol-automatisch bestuurd en behoeft in principe geen chauffeur. Wel is er een 
'toezichthouder' aanwezig in de bus voor controle van het voertuig en toezicht op de passagiers. 
Reizigers kunnen op ieder gewenst moment actuele informatie over aankomst- en vertrekti jden 
van de bussen opvragen. Verder heeft de reiziger de garantie dat de bus volgens tijdschema rijdt. 
De automatische busbaan verbindt belangrijke centra binnen een stedelijk gebied. 
Onderaan deze pagina staan twee illustraties van de automatische busbaan. 
Vraag 1 1 . In hoeverre denkt u dat de automatische busbaan realiseerbaar is? (omcirkel een getal) 
zeer onrealistisch 1 2 3 4 5 6 zeer realistisch 
Vraag 12. In hoeverre denkt u dat de automatische busbaan de algemene bereikbaarheid in een 
regio verbetert? (omcirkel een getal) 
zeker geen verbetering 1 2 3 4 5 6 zeker wel verbetering 
I l lus t ra t ies au tomat i sche busbaan 
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ulf? p+R overstap 
De P+R overstap biedt automobilisten de mogelijkheid de auto te parkeren op een P+R plek en het 
laatste gedeelte van de reis af te leggen met een kleine geautomatiseerde People Mover. De People 
Mover is een kleine bus (±15 passagiers) zonder chauffeur. Autobestuurders die gebruik willen 
maken van de P+R overstap worden in hun auto geïnformeerd over de beschikbare 
parkeerplaatsen. De People Mover vertrekt in zeer hoge frequentie. De P+R overstap heeft een 
ontsluitende functie voor kantoorlocaties. 
Onderaan deze pagina staan twee illustraties van de P+R overstap. 
Vraag 13. In hoeverre denkt u dat de P+R overstap realiseerbaar is? (omcirkel een getal) 
zeer onrealistisch 1 2 3 4 5 6 zeer realistisch 
Vraag 14. In hoeverre denkt u dat de P+R overstap de algemene bereikbaarheid in een regio 
verbetert? (omcirkel een getal) 
zeker geen verbetering 1 2 3 4 5 6 zeker wel verbetering 
I l lus t ra t ies P+R Overs tap 
Appendix A. The SP/HII survey 139 
DEEL 3 Combinaties van vervoerswijzen 
Veronderstel dat u wil t /moet verhuizen met uw organisatie. Welke combinatie van vervoerswijzen 
is belangrijk voor de bereikbaarheid van de nieuwe kantoorlocatie? In het volgende experiment 
krijgt u i l combinaties te zien van de afstand van de verschillende vervoerswijzen tot de nieuwe 
kantoorlocatie. Voor iedere combinatie dient u steeds de volgende vraag te beantwoorden: 
Vraag: Welk rapportcijfer geeft u aan deze combinatie van vervoerswijzen voor de 
bereikbaarheid van uw nieuwe kantoorlocatie? 
Hieronder staat een ingevuld voorbeeld van zo'n combinatie. Dit is dus een locatie die 250 m. 
van een treinstation afligt, waar geen halte voor automatische bus Is, geen halte van People 
Mover is, die 6 km. afligt van een snelweg toerlt en waar geen toer/t is voor een automatische 
rijstrook. Degene die dit voorbeeld heeft ingevuld beoordeelt de combinatie met het cijfer 5. 
Afstand tot treinstation 
Afstand tot halte automatische bus 
Afstand tot halte People Mover van P+R 
Afstand tot toerlt snelweg 
Afstand tot toerlt automatische rijstrook 
Welk rapportcijfer geeft u aan deze 
combinatie van vervoerswijzen voor de 
bereikbaarheid van uw nieuwe 
kantoorlocatie? 
« ^ 
^ 
250 m. 
Geen 
Geen 
6 km. 
Geen 
1 2 3 4 5 6 7 8 9 10 
Wij nodigen u nu uit om de 11 combinaties (vraag 15 t /m 25) op deze en de volgende pagina een 
rapportcijfer te geven. 
I(> 17 
« * 
P«R 
250 m. 
Geen 
Geen 
1,5 km. 
1,5 km. 
« ^ 
FM? 
250 m. 
250 m. 
250 m. 
1.5 km. 
1.5 km. 
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 
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1 8 19 20 
«%» 
Eg 
E 
% 
250 m. 
Geen 
Geen 
6 km. 
Geen 
«%» 
P.R 
Ξ 
% 
3 km. 
Geen 
250 m. 
6 km. 
1,5 km. 
«%» 
Ξ 
% 
3 km. 
Geen 
250 m. 
1,5 km. 
Geen 
1 2 1 4 5 6 7 8 9 lu 1 2 1 4 5 6 7 8 9 10 1 2 1 4 5 6 7 8 9 10 
21 22 23 
«%» 
FR 
53 
% 
3 km. 
250 m. 
Geen 
6 km. 
Geen 
<%» 
Eg 
S 
%» 
3 km. 
250 m. 
Geen 
6 km. 
1,5 km. 
« * 
FM? 
S 
% 
3 km. 
250 m. 
Geen 
1,5 km. 
Geen 
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 
24 2 5 
« » 
^ 
m 
ŒI 
%» 
250 m. 
250 m. 
Geen 
6 km. 
1,5 km. 
«%» 
^ 
P*R 
S 
^ 
250 m. 
250 m. 
250 m. 
6 km. 
Geen 
1 2 3 4 S 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 
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DEEL 4 Combinaties van locatie-eigenschappen 
Veronderstel nogmaals dat u wilt/moet verhuizen met uw organisatie. We willen nu graag weten 
welke combinaties van locatie-eigenschappen u meer en minder aantrekkelijk vindt voor de nieuwe 
kantoorlocatie. Voor iedere combinatie dient u steeds de volgende vraag te beantwoorden: 
Vraag: Welk rapportcijfer geeft u aan deze combinatie van locatie-eigenschappen voor uw 
nieuwe kantoorlocatie? 
Vraag: Welk rapportcijfer geeft u aan deze combinatie van locatie-eigenschappen voor uw 
nieuwe kantoorlocatie? 
Hieronder staat een ingevuld voorbeeld van zo'n combinatie. Het gaat hier om een klassiek pand 
In een oudere stadswijk met gesloten kantoorcellen. De kosten per jaar/m2 bedragen 90 euro, het 
aantal parkeerplaatsen per 100 werknemers is 10 en het rapportcijfer bereikbaarheid is 4. Degene 
die dit voorbeeld heeft ingevuld, beoordeelt de combinatie met het cijfer 6. 
Zoals u hieronder in het voorbeeld kan zien heet een van de locatie-eigenschappen 'Rapportcijfer 
bereikbaarheid' en kent drie niveuas: 4, 6 en 8 (in dit voorbeeld is het een 4). Deze locatie­
eigenschap slaat terug op de rapportcijfers die u hebt gegeven aan de combinaties van 
vervoerwijzen op de bladzijdes hiervoor. 
Locatie-eigenschappen 
Type kantoor 
Type intern ruimtegebruik 
Huurkosten per jaar/m2 
Aantal parkeerplaatsen per 100 werkn. 
Rapportcijfer bereikbaarheid 
Welk rapportcijfer geeft u aan deze 
combinatie van locatie-eigenschappen voor 
uw nieuwe kantoorlocatie? 
Klassiek pand in oudere stadswijk 
Gesloten kantoorcellen 
90 euro 
10 parkeerplaatsen per 100 werkn. 
Bereikbaarheid is 4 
12 3 4 5 βΓτ) 8 9 10 
Wij nodigen u nu uit om de laatste 21 combinaties (26 t/m 46) een rapportcijfer te geven. 
2 6 2 7 2 8 
Klassiek pand in oudere 
stadswijk 
Aparte kamers + kantoortuin 
90 euro 
50 parkccrpl. per 100 werkn. 
Bereikbaarheid is 4 
1 2 3 4 5 6 7 8 9 10 
Functioneel gebouw in 
woonwijk 
Gesloten kantoorcellen 
130 euro 
50 parkccrpl. per 100 werkn. 
Bereikbaarheid is 8 
1 2 3 4 5 6 7 8 9 10 
Klassiek pand in oudere 
stadswijk 
Gesloten kantoorcellen 
170 euro 
30 parkeerpl. per 100 werkn. 
Bereikbaarheid is 4 
1 2 3 4 5 6 7 8 9 10 
29 3 0 3 1 
Klassiek pand in oudere 
stadswijk 
Gesloten kantoorccllcn 
90 euro 
10 parkeerpl. per 100 werkn. 
Bereikbaarheid is 4 
1 2 3 4 5 6 7 8 9 10 
Modern op 
kantoorboulevard/loc. 
Aparte kamers + kantoortuin 
130 euro 
10 parkeerpl. per 100 werkn. 
Bereikbaarheid is 4 
1 2 3 4 5 6 7 8 9 10 
Modern op 
kanloorboulcvard/loc. 
Flexibele indeling van ruimte 
90 euro 
30 parkeerpl. per 100 werkn. 
Bereikbaarheid is 8 
1 2 3 4 5 6 7 8 9 10 
142 Office location choice behdviour and Intelligent Transpon Systems 
32 
Modem op kanloorboulevard/loc 
Gesloten kantoon-ellen 
110 euro 
lOpiirkeerpI perlOOwerkn 
Bereikbaarheid is 8 
1 2 3 4 5 6 7 8 9 10 
35 
Modem op kantoorboulevard/Ioc 
Gesloten kanioorcellen 
170 euro 
50 parkecrpl per 100 werkn 
Bereikbaarheid is 6 
1 2 3 4 5 6 7 8 9 10 
38 
Klassiek pand in oudere stadswijk 
Flexibele indeling van ruimte 
90 euro 
10 parkecrpl per 100 werkn 
Bereikbaarheid is 6 
1 2 3 4 5 6 7 8 9 10 
41 
Functioneel gebouw in woonwijk 
Aparte kamers + kantoortuin 
170 euro 
lOparkeerpl per 100 werkn 
Bereikbaarheid is 6 
1 2 3 4 5 6 7 8 9 10 
44 
Klassiek pand in oudere stadswijk 
Flexibele indeling van ruimte 
130 euro 
SOparkeerpl perlOOwerkn 
Bereikbaarheid is 6 
1 2 3 4 5 6 7 8 9 10 
33 
Funclioneel gebouw in woonwijk 
Flexibele indeling van ruimte 
130 euro 
30parkecrpl perlOOwerkn 
Bereikbaarheid is 4 
1 2 3 4 5 6 7 8 9 10 
36 
Klassiek pand in oudere stadswijk 
Aparte kamers + kantoortuin 
170 euro 
30 parkecrpl per 100 werkn 
Bereikbaarheid is 8 
1 2 3 4 5 6 7 8 9 10 
39 
Modem op kantoorboulevard/loc 
Aparte kamers + kantoortuin 
90 euro 
30 parkecrpl per 100 werkn 
Bereikbaarheid is 6 
1 2 3 4 5 6 7 8 9 10 
42 
Functioneel gebouw in woonwijk 
Gesloten kanioorcellen 
90 euro 
SOparkeerpl perlOOwerkn 
Bereikbaarheid is 8 
1 2 3 4 5 6 7 8 9 10 
45 
Functioneel gebouw in woonwijk 
Aparte kamers + kantoortuin 
90 euro 
50 parkeerpl per 100 werkn 
Bereikbaarheid is 4 
1 2 3 4 5 6 7 8 9 10 
34 
Modem op kantoorboulevard 
Flexibele indeling van ruimte 
170 euro 
10 parkecrpl per 100 werkn 
Bereikbaarheid is 4 
1 2 3 4 5 6 7 8 9 10 
37 
Functioneel gebouw in woonwijk 
Flexibele indeling van ruimte 
170 euro 
10 parkeerpl per 100 werkn 
Bereikbaarheid is 8 
1 2 3 4 5 6 7 8 9 10 
40 
Functioneel gebouw in woonwijk 
Gesloten kanioorcellen 
130 curo 
30 parkeerpl per 100 werkn 
Bereikbaarheid is 6 
1 2 3 4 5 6 7 8 9 10 
43 
Modem op kantoorboulevard/loc 
Flexibele indeling van ruimte 
170 euro 
50 parkecrpl per 100 werkn 
Bereikbaarheid is 4 
1 2 3 4 5 6 7 8 9 10 
46 
Klassiek pand in oudere stadswijk 
Aparte kamers + kantoortuin 
130 euro 
50 parkeerpl per 100 werkn 
Bereikbaarheid is 8 
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Mocht u nog op- of aanmerkingen hebben dan kunt u de onderstaande ruimte daarvoor gebruiken 
Veel dank voor het invullen van de vragenlijst! 
Als u geïnteresseerd bent m een onderzoeksverslag waarin de resultaten staan verwerkt van dit 
onderzoek, gelieve dan hieronder uw e-mail adres in te vullen 
E-mail adres 
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A.2 The branch distinction 
In this research so-called BIK codes (Bedrijfsindeling Kamers van Koophandel) are used to 
make a tangible selection for five types of organisations It is comparable with the Dutch so-
called Standaard Bedrijfsindeling (SBI), translated as Standard Company classification, 
which is used by the Dutch national Central Bureau of Statistics (CBS) Below is the full list 
of codes per branch 
Sector 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
AGRICULTURE AND 
FISHERY 
INDUSTRY 
BUILDING INDUSTRY 
WHOLESALE BUSINESS 
RETAIL TRADE 
CATERING INDUSTRY 
TRANSPORT 
FINANCES 
CONSULTANCY t) 
FACILITATING SERVICES 
PERSONAL SERVICES 
GENERAL SERVICES 
BUSINESS ADMINISTRATION 
Class 
01 
02 
01 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
H 
16 
17 
18 
19 
20 
21 
22 
21 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
Agnculture and Fishery 
Extracting minerals 
Food Industry 
Clothing leather 
Wood industry 
Building matenals and glass 
Paper industry 
Pnming and publishing 
Chemicals 
Basic metals 
Melai products 
Machines 
Electronics 
Transport means 
Other industry 
Hous /utility building 
Infrastructure 
Building installations 
Building specialists 
Wholesale business 
Retail food 
Retail non food 
Repair Post order 
Retail car 
Market and street trade 
Hotels guest houses 
Camping/Holiday stays 
Restaurants cafeteria 
Bars/Pubs 
Road Transport 
Other transport 
Post and communication 
Services for transport 
Banks Insurance services 
Juridical /Adm Services 
Economical services 
Engineering consulting 
Advertisement consulting 
Automation services 
Research and Developmem 
Rental companies 
Environmental companies 
Cleaning companies 
Intemiediates/Secunty 
Photography fairs other 
Real Estate 
Culture recreation 
Washing Dry cleaner s 
Hairdresser Beauty salon other 
Public utilities 
Government and education 
Health care and welfare 
Society Organisations 
Business Administration 
SBI 93 
0102 03 
1011 14 
15 16 
17 18 19 
20 
26 
21 
22 
23 24 25 
27 
28 
29 
30 31 32 33 
34 35 
36 37 
45211 
45212 45213 4523 4524 
453 
4522 4525 451454 455 
51* 
5211 522 
5212 523 524 525 
527 5261 
50** 
5262 5263 
551 
552 
553 555 
554 
6024 
60 61 62 
64 
63 
65 66 67 Î 
7411 7412 
7413 7414 
742 
744 
72 
73 
71 
90 
747 
745 746 
743 748 
70 # 
92 
9301 
9302 9305 
4041 
75 80 
85 
91 
6523 67131 7012 702042 
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7032 7415 
UNCODED 55 Uncoded 
* Including wholesales car (510101, 50102, 501031, 501041, 50105, 50301, 50102, 50401) 
** Excluding wholesales car 
$ Excluding financial services (6523, 67131) 
§ Excluding business administration/holdings (7415) 
# Excluding management of real eslate (7012, 702042, 7032) 
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Appendix Β. 
The validity study survey 
In appendix Β 1 the basic questionnaire is presented which has been used to test the validity 
of the two models which were estimated, based on the Stated Preference results Because the 
questionnaire was pnnted in a different lay-out than this dissertation only the first part of it is 
described in this appendix The first part describes scenario 1 and is similar in set-up as 
secenano 2, 3 and 4, which are not shown in this appendix For the validity study two city 
cases were selected Nijmegen and Arnhem Consequently two different questionnaires were 
sent out one Nijmegen specific questionnaire for organisations from Nijmegen and one 
specific questionnaire for organisations from Arnhem The accompanying letter and the 
questionnaire (part), which are included in appendix Β 1 is the one for Nijmegen 
Appendix Β 2 shows some general information about the two interviews that were 
held to select the implementation charactenstics for the ITS related transport concepts for 
Nijmegen and Amhem 
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B. 1 The questionnaire 
In this section the questionnaire is presented, which has been used in the validity study to test 
the validity of two models that were estimated with the Stated Preference results As the 
research was conducted in the Netherlands, the questionnaire texts are in Dutch To fit the 
questionnaire lay-out in this dissertation the sizes of the maps in the questionnaire have been 
increased 
The accompanying letter 
Geachte heer/mevrouw. 
De wereld om u heen verandert razendsnel, zo ook de technologie in het personenvervoer Op 
dit moment worden nieuwe vervoerswijzen getest en toegepast In het kader van een door de 
Nederlandse organisatie voor Wetenschappelijk Onderzoek (NWO) ondersteund 
onderzoeksprogramma doet de onderzoeksgroep Governance and Places van de Radboud 
Universiteit Nijmegen onderzoek naar de invloed van nieuwe vervoerswijzen op de 
bereikbaarheid van kantoorlocaties in Nijmegen In het kader van dat onderzoek hebben wij een 
vragenlijst opgesteld Na een grondige afweging van een aantal cntena is uw organisatie door 
ons geselecteerd voor deelname aan dit onderzoek 
In de vragenlijst staan vier scenano's centraal De scenario's laten zien hoe de overheid nieuwe 
systemen, bijvoorbeeld een automatisch bussysteem, in Nijmegen zou kunnen aanleggen Wij 
willen graag weten hoe u in die vier verschillende scenario's vijf Nijmeegse kantoorlocaties 
beoordeelt 
Het invullen van de vragenlijst kost 15 minuten U kunt de ingevulde vragenlijst retourneren 
met de bijgevoegde retourenveloppe Een postzegel is niet nodig Voor eventuele vragen of 
opmerkingen kunt u telefonisch (024 3613056) of per e-mail (r argiolu@fm m nl) contact met 
ons opnemen 
Prof dr ir Rob van der Heijden, Hoogleraar Planologie, Radboud Universiteit Nijmegen 
Dr ir Vincent Marchau, Senior onderzoeker. Technische Universiteit Delft 
Drs Raffael Argiolu, Junior onderzoeker, Radboud Universiteit Nijmegen 
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The questionnaire 
DEEL I Vragen over uw eigen kantoorvestiging 
Vraag 1. Hoe typeert u het kantoorgebouw waar uw organisatie momenteel in is 
gevestigd? (kruis de meest passende omschrijving aan) 
D Modern kantoor op kantoorboulevard/locatie 
D Klassiek pand m oudere stadswijk 
D Functioneel kantoor in woonwi]k 
Vraag 2. Hoe typeert u de interne inrichting van uw kantoorgebouw? (kruis de meest 
passende omschrijving aan) 
D Flexibel intern ruimtegebruik 
Π Aparte kamers + kantoortuin 
D Vaste kamerstructuur 
Vraag 3. Hoeveel euro betaalt u voor de huur van uw kantoorgebouw? (kruis het 
antwoord aan dat het best uw situatie weergeeft) 
D 70 - 110 euro per m2/jaar O 150 - 190 euro per m2/jaar 
G 110 - 150 euro per m2/jaar D meer dan 190 euro per m2/jaar 
Vraag 4. Wat is de viercijferige postcode van uw huidige kantoorlocatie? 
Vraag 5. Hoeveel parkeerplaatsen horen er bij uw kantoorgebouw? 
Vraag 6. Hoeveel mensen van uw organisatie werken er ongeveer in het kantoor op de 
huidige locatie7 
Vraag 7. Hoeveel mensen (gemiddeld) bezoeken uw kantoor dagelijks? 
Vraag 8. In welke branche is uw organisatie actief? (kruis slechts één antwoord aan) 
D Financiële dienstverlening D Adviesdiensten 
D Facilitaire diensten ü Non-profit sector 
Vraag 9. Sinds welk jaar houdt uw organisatie op de huidige locatie kantoor? 
Vraag 10. Binnen hoeveel jaar verwacht u dat uw organisatie de huidige kantoorlocatie 
zal verwisselen voor een andere? (kruis slechts één antwoord aan) 
D 0 - 1 jaar Π 5 - 15 jaar 
D 1 - 5 jaar D Weet ik met 
Vraag 1 1 . In welke mate heeft u persoonlijk invloed op de besluitvorming over de 
verhuizing van uw kantoor naar een andere locatie7 (omcirkel een getal) 
zeer kleine mate 1 2 3 4 5 6 zeer grote mate 
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D e e l I I V r a g e n o v e r n i e u w e v e r v o e r s y s t e m e n in N i j m e g e n 
In deel I I zult u in 4 scenarios telkens vijf kantoorlocaties moeten beoordelen. De 4 
scenarios illustreren alternatieve investeringen van de overheid in het vervoersysteem. 
De centrale vraag is hoe u vijf Nijmeegse kantoorlocaties waardeert. In de scenario's zijn 
huidige plannen, zoals de aanleg van een tweede Waalbrug bij Nijmegen-West, ook 
verwerkt. 
Scenario 1 . In het eerste scenario kiest de gemeente ervoor om een automatische 
busbaan aan te leggen. Deze loopt van Station Lent door het centrum richting Beuningen 
en Radboud Universiteit. 
Scenario 2. In het tweede scenario bouwt de gemeente een Park and Ride (P+R) bij de 
rotonde aan de Energieweg en ontwikkelt een People Mover die vandaar mensen naar 
het centrum kan vervoeren. 
Scenario 3. In het derde scenario heeft de overheid besloten om een automatische 
rijstrook op de A73 te ontwikkelen. 
Scenario 4. In het vierde scenario heeft de overheid besloten niet te investeren in een 
nieuw vervoersysteem. 
(Let op! Voordat u de locaties moet beoordelen worden de nieuwe vervoersystemen meer 
gedetailleerd uitgelegd. Daarover stellen wij u dan nog twee vragen.) 
Verder vragen wij u per scenario twee taken te doen: 
Taak 1 - De eerste taak is het beoordelen van 5 kantoorlocaties. Dit doet u door het 
cijfer te omcirkelen dat het best past bij de bereikbaarheid van de locatie. Daarnaast 
geeft u een cijfer aan de algemene kenmerken van de locatie. 
Taak 2 - Bij de tweede taak geeft u een rangorde van locaties. De meest aantrekkelijke 
locatie krijgt de eerste plaats, daarna de op een na aantrekkelijkste plaats, etcetera. 
V o o r b e e l d T a a k 1 
Onderstaande respondent waardeerde 
de bereikbaarheid van deze locatie met 
een 6 en de algemene pandkenmerken 
met een 3. 
V o o r b e e l d T a a k 2 
Onderstaande respondent vond de 
Groenestraat zijn favoriete 
vestigingslocatie, terwijl hij de 
Oranjesingel het minst interessant vond. 
Kantoorlocatie 1: 
Science park Heyendaal 
Afstand tot treinstation: 
Afstand tot snelweg : 
Bereikbaarheidsprofiel: 
Treinstation op 500 m. 
Snelweg op 6 km. 
1 2 3 4 5 
Ώ 
7 8 9 10 
Type kantoor: 
Intern ruimtegebruik: 
Prijs: 
Aantal parkeerplaatsen: 
Bereikbaarheid: 
Pandkenmerken: 
Modern kantoor 
Flexibel intern ruimtegebruik 
130 euro per jaar/m2 
30 parkpl. per 100 werknemers 
Zie bovenstaand profiel 
1 2 (h 4 5 6 7 8 9 10 
Vraag x. Schrijf uw favoriete 
volgorde van locaties op: 
1. Çroenestroat 
2 . Science (Par^jHeyendaaC 
3 . 'Koord^ant ^ Energieweg 
4 . (Braßantse (Poort 
5. OranjesingeC 
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Scenario 1 . D e a u t o m a t i s c h e b u s b a a n 
In het eerste scenario kiest de gemeente ervoor om een automatische busbaan aan te 
leggen. Deze loopt van Station Lent door het centrum richting Beuningen en Radboud 
Universiteit. 
De automatische busbaan bestaat uit een milieuvriendelijke bus die gebruik maakt 
van een eigen vrije baan. De bus heeft voorrang bij kruispunten en rijdt op basis van een 
hoge frequentie. De bus wordt vol-automatisch bestuurd en behoeft in principe geen 
chauffeur. Wel is er een 'toezichthouder' aanwezig in de bus voor controle van het 
voertuig en toezicht op de passagiers. Reizigers kunnen op ieder gewenst moment 
actuele informatie over aankomst- en vertrektijden van de bussen opvragen. Verder 
heeft de reiziger de garantie dat de bus volgens tijdschema rijdt. 
Hieronder staan twee illustraties van de automatische busbaan. 
Vraag 12. In hoeverre denkt u dat de automatische busbaan realiseerbaar is? (omcirkel 
een getal) 
zeer onrealistisch 1 2 3 4 5 6 zeer realistisch 
Vraag 13. In hoeverre denkt u dat de automatische busbaan de algemene 
bereikbaarheid in een stadsregio verbetert? (omcirkel een getal) 
zeker geen verbetering 1 2 3 4 5 6 zeker wel 
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Legencla" 
Locatie(s) 
Κ 
n ^ k 
Route automatische bussen 
Haltes automatische bussen 
Op bovenstaande kaart is het tracé van de automatische busbaan in Nijmegen te zien. 
Vraag 14. Hoe beoordeelt u zowel de bereikbaarheid als de pandkenmerken van de 
onderstaande vijf locaties? (omcirkel een getal) 
Kantoorlocatie 1: 
Science park Heyendaal 
Bereikbaarheidsprofìel: 
Treinstation op 500 m. 
Snelweg op 6 km. 
Automatische busbaan 250 m. 
1 2 3 4 5 6 7 8 9 10 
Pandkenmerken : 
Modern kantoor 
Flexibel intern ruimtegebruik 
130 euro per jaar/m2 
30 parkpl. per 100 werknemers 
Bereikbaar: zie profiel hierboven 
1 2 3 4 5 6 7 9 10 
Kantoorlocatie 2: 
Oranjesingel 
Bereikbaarheidsprofìel: 
Treinstation op 1 km. 
Snelweg op 5 km. 
Automatische busbaan 250 m. 
1 2 3 4 5 6 7 8 9 10 
Pandkenmerken : 
Oud herenpand 
Aparte kamers + kantoortuin 
140 euro per jaar/m2 
20 parkpl, per 100 werknemers 
Bereikbaar: zie profiel hierboven 
1 2 3 5 6 7 8 9 10 
Kantoorlocatie 3: 
Noordkant energieweg 
Bereikbaarheidsprofìel: 
Treinstation op 2,5 km. 
Snelweg op 2 km. 
Automatische busbaan 250 m. 
1 2 3 4 5 6 7 8 9 10 
Pandkenmerken : 
Functioneel gebouw 
Flexibel intern ruimtegebruik 
90 euro per jaar/m2 
50 parkpl. per 100 werknemers 
Bereikbaar: zie profiel hierboven 
1 2 3 4 5 6 7 9 10 
Kantoorlocatie 4: 
Groenestraat 
Kantoorlocatie 5: 
Brabantse Poort 
Vraag 15. Schrijf uw favoriete 
volgorde van locaties op. 
Bereikbaarheidsprofìel: 
Treinstation op 1,5 km. 
Snelweg op 3 km. 
1 2 3 4 5 6 7 8 9 10 
Pandkenmerken : 
Functioneel kantoor bij woonwijk 
Vaste kamerstructuur 
130 euro per jaar/m2 
30 parkpl. per 100 werknemers 
Bereikbaar: zie profiel hierboven 
1 2 3 4 5 6 7 8 9 10 
Bereikbaarheidsprofìel: 
Treinstation op 500 m. 
Snelweg op 500 m. 
1 2 3 4 5 6 7 8 9 10 
Pandkenmerken : 
Modern kantoor 
Flexibel intern ruimtegebruik 
130 euro per jaar/m2 
50 parkpl. per 100 werknemers 
Bereikbaar: zie profiel hierboven 
1 2 3 5 6 7 8 9 10 
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Scenario 2 of questionnaire is not included in this dissertation 
Scenario 3 of questionnaire is not included in this dissertation 
Scenario 4 of questionnaire is not included m this dissertation 
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Opmerkingen 
Veel dank voor het invullen van de vragenlijst! 
Als u geïnteresseerd bent m een onderzoeksverslag waarin de resultaten staan verwerkt 
van dit onderzoek, gelieve dan uw e-mailadres op te schrijven: 
E-mailadres: 
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B.2 Persons interviewed 
In defining the implementation tracks for the three ITS related transport concepts in the 
validity survey, the opinion of two policymakers' most realistic implementation choices were 
used. Detailed information about the two interviews is as follows: 
• Interview with G. (Guus) Comelissen, policy advisor Public Space (mobility, green 
and water). Interview was taken on the 30 lh of November 2005 at the department of 
Public Space at the municipality of Nijmegen. 
• Interview with J. Th. (Jan) Vermeulen, Projectleader large infrastructure projects. 
Transport and Traffic Planner. Interview was taken on 16lh of December 2005 at the 
traffic department at the Amhem Institute for City Development. 
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Samenvatting (in Dutch) 
Dit proefschrift gaat over de invloed van Intelligente Transport Systemen (ITS) op het 
locatiekeuze gedrag van kantoorhoudende organisaties Kantoorhoudende organisaties zijn 
organisaties, die werkzaamheden vanuit een kantoorpand organiseren In de praktijk zijn dit 
vooral bedrijven Maar dit kunnen ook tandartsen of non-profit organisaties zijn Het is 
inmiddels algemeen bekend dat mobiliteit erg belangrijk is, maar dat het ook veel problemen 
geeft, zoals vervuiling, onveiligheid en congestie Overheden proberen al geruime tijd het 
probleem te beheersen, door bijvoorbeeld nieuwe transport infrastructuur aan te leggen, zowel 
voor openbaar vervoer als autoverkeer Een relatief nieuwe ontwikkeling, die is ingegeven 
door snelle ontwikkelingen binnen Informatie en Communicatie Technologie (ICT), zijn 
zogenaamde Intelligente Transport Systemen 
ITS is eigenlijk een verzamelnaam voor drie soorten systemen Ten eerste zijn er 
systemen die bestuurders in njtaken ondersteunen (ADAS) Een voorbeeld van ADAS is Lane 
Keeping, een systeem dat er voor zorgt dat een voertuig automatisch binnen de lijnen van een 
rijbaan blijft Ten tweede zijn er steeds meer geavanceerde informatie systemen (ATIS), die 
reizigers helpen bij het maken van reiskeuzes, bijvoorbeeld als een bus plotseling vertraging 
heeft Ten derde zijn er verfijnde management systemen (ATMS), die een efficiente 
afwikkeling van verkeer vergroten Een voorbeeld van een ATMS is Automated Vehicle 
Location (AVL), waarmee een vloot van bijvoorbeeld bussen op ieder moment kan worden 
gevolgd vanuit een controle ruimte Hiermee kan de dienstregeling nauwkeuriger worden 
door een beter afstemming van aankomst- en vertrektijden van bussen 
Hoewel er veel onzekerheden zijn in de ontwikkeling van ITS is de verwachting dat 
op den duur niet alleen kleine onderdelen van transportsystemen efficiënter zullen werken, 
maar dat door het combineren of integreren van de dne genoemde ITS types, rond westerse 
steden nieuwe vervoersconcepten zullen ontstaan De vraag is of, en hoe, deze systemen het 
locatiekeuze gedrag van kantoorhoudende organisaties zal beïnvloeden De redenering is 
namelijk als volgt ITS zal de bereikbaarheid vergroten en daarmee bepaalde locaties, die 
dichtbij stations (in het geval van OV) of bij op- en afritten (in het geval van auto's) van deze 
systemen liggen, aantrekkelijker maker Dit zal leiden tot meer vraag naar die locaties, omdat 
bereikbaarheid een belangrijke factor is in de locatiekeuze van kantoorhoudende organisaties 
Deze beredeneerde relatie is tot op heden nauwelijks verkend Uit empirische studies van 
Tayyaran et al (2003) en Tayyaran & Khan (2003) in Canada bleek wel dat huishoudens bij 
hun locatiekeuze een toegevoegde waarde zagen in ITS en er, in een hypothetische situatie, 
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ook hun locatiekeuze gedrag op aan zouden willen passen Ze zouden dus dichter bij ITS gaan 
wonen 
Om deze redenering te toetsen is een voorkeursonderzoek onder Nederlandse 
kantoorhoudende organisaties uitgezet De opzet van het voorkeursonderzoek staat 
beschreven in hoofdstuk 4 De resultaten van het onderzoek staan beschreven in hoofdstuk 5 
Om de redering te testen zijn twee hypothesen getoetst Ten eerste is gekeken of drie nieuwe 
ITS concepten (Een automatische snelweg, een automatische busbaan en een People Mover 
van een Park & Ride) invloed hebben op de beoordeling van kantoorhoudende organisaties op 
het gebied van bereikbaarheid Een vraag die hiermee bijvoorbeeld beantwoord kan worden 
is wat vinden kantoorhoudende organisaties belangnjker, een treinstation of een 
automatische busbaan? De tweede hypothese die is getoetst, is hoe belangrijk bereikbaarheid 
nu eigenlijk is voor kantoorhoudende organisaties, ten opzichte van bijvoorbeeld het aantal 
parkeerplaatsen, wanneer ze op zoek gaan naar een nieuwe kantoorlocatie 
In het voorkeursonderzoek is aan kantoorhoudende organisaties gevraagd om eerst 
hypothetische bereikbaarheidsprofielen van kantoorlocaties te beoordelen en ten tweede 
hypothetische locatieprofielen van kantoorlocaties te beoordelen Het eerste deel was om de 
waarde te bepalen van de drie ITS concepten ten opzichte van een treinstation en een op- en 
afrit van een snelweg Het tweede deel van het onderzoek was om de waarde van 
bereikbaarheid te bepalen ten opzichte van het aantal parkeerplaatsen, de uitstraling van hel 
kantoorgebouw/pand, de interne ruimte, het aantal parkeerplaatsen en de prijs/m 
Het onderzoek leverde uiteindelijk twee modellen op één die scores beschrijft voor 
bereikbaarheid en de ander voor de algemene locatievoorkeuren Het eerste geschatte model 
laat zien dat gemiddeld gezien kantoorhoudende organisaties het liefst een kantoorlocatie 
hebben langs de snelweg, daarna bij een treinstation, automatische busbaan en als laatste een 
automatische snelweg of een People Mover van een Park & Ride Uit het onderzoek bleek 
ook dat alle drie de ITS concepten een significante bijdrage leveren aan de bereikbaarheid van 
een kantoorlocatie Uit het tweede deel van het onderzoek bleek vervolgens dat een goede 
bereikbaarheid nog erg belangrijk wordt gevonden bij het zoeken naar een nieuwe 
kantoorlocatie De combinatie van beide modellen betekent dus dat ITS concepten zeker de 
aantrekkelijkheid van een nabijgelegen locatie zullen vergroten 
Omdat het voorkeursonderzoek alleen hypothetische profielen voorlegde aan 
kantoorhoudende organisaties, is na het analyseren van de resultaten een validiteitsstudie 
opgezet om te kijken of de resultaten bevestigd konden worden in een studie die geen 
hypotetische kantoorlocaties aan kantoorhoudende organisaties voorlegt, maar realistische 
Dit onderzoek is beschreven in hoofdstuk 6 In du onderzoek kregen kantoorhoudende 
organisaties uit Nijmegen en Arnhem een vragenlijst voorgelegd met vier verschillende 
toekomstige situatieschetsen, waarvan drie waarin gesimuleerd wordt dat een ITS concept is 
aangelegd in de stad De taak aan de kantoorhoudende organisaties was om een score te geven 
aan de vijf meest aansprekende kantoorlocaties in de stad en een rangorde aan te brengen in 
kantoorlocatie voorkeur Hoewel observaties uit het validiteitonderzoek laten zien dat bijna 
alle kantoorlocaties, in alle situaties, hogere scores krijgen dan die de modellen hadden 
voorspeld, klopte de toegevoegde waarde van ITS wel vnj nauwkeurig 
De voornaamste conclusies van dit promotie-onderzoek geven aan dat de drie ITS 
concepten uit het onderzoek zeker een invloed hebben op het locatiekeuzegedrag van 
kantoorhoudende organisaties Omdat de technologische ontwikkeling van ITS dynamisch is, 
wordt aanbevolen om de diversiteit van ITS in dit type onderzoek te vergroten om zo 
theorievorming op dit onderzoeksonderwerp te stimuleren 
Summary 
Chapter 1 Research context, goal and questions 
This dissertation is about research on the spatial effects of Intelligent Transport Systems 
(ITS) The urgency for this research lies in the fact that there is a growing confidence that 
technological changes in transport will reframe traffic and mobility problems, transport policy 
and the impacts on spatial development 
Modern societies are continuously faced with problems of mobility These problems 
relate to the environment, such as use of space and pollution, traffic safety, and the threatened 
accessibility due to congestion On the one hand governments aim to minimize pollution by 
implementing active land use policies and thereby minimizing distances between activities 
and by encouraging people to use public transport or to share cars On the other hand 
governments have built many new roads and public transport systems to provide the 
necessary infrastructure for the increased demand for mobility Today, transport has become 
safer, but the total pollution and congestion levels are still increasing 
New possibilities for tackling mobility problems could be offered by the developments 
in Information and Communication Technology (ICT) since the eighties, which has also 
influenced the level of traffic and transport service This new ICT has resulted in the 
manufacture of cars with new intelligent devices, a wide range of new information devices for 
supporting of travellers, and new traffic and transport management systems The range of 
these applications is called Intelligent Transport Systems (ITS) ITS systems focus on driver 
and travel support, dynamic traffic management and logistic organisation 
ITS can be typified by three categories, which all apply to car driving as well as public 
transport systems that support the driving tasks (ADAS, Advanced Driver Assistance 
Systems), systems that provide information about travel choices (ATIS, Advanced Traveller 
Information Systems), and systems that improve the management of traffic and transport, 
(ATMS, Advanced Transport Management Systems) From a theoretical point of view 
various combinations of ADAS, ATIS and ATMS applications offer potential in terms of the 
road network throughput of vehicles, safety and the alleviation of negative effects on the 
environment A complication however to these possibilities and their impacts are the 
uncertainties that surround the technological development of ITS 
Firstly there is uncertainty about the technological development of ITS This relates to 
the development stage, uncertainty about the effects and corresponding implementation 
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banners Secondly, besides the uncertainty in the development of ITS, there is also large 
uncertainty about the effects of different ITS on drivers and uncertainty about how well 
drivers can adapt to the new technologies offered by ITS A third uncertainty lies in the 
relationship between ITS technology and the traffic system and a fourth uncertainty between 
ITS technology and its spatial environment An important improvement of for example the 
traffic throughput by ITS in a certain lane, might improve the accessibility of the direct 
environment 
Much scientific research has been performed at most levels of uncertainty An 
exception is the fourth uncertainty ITS influencing transport performance and therewith 
changing land use activity Research on this topic is scarce This might become problematic 
since especially transport infrastructure investments is long-lasting and is in many cases 
irreversible Furthermore, the fact that ITS is a factor of increasing importance in transport 
planning and therefore also our society encourages first research explorations on this topic 
An important potential of ITS is that, where it is successful in decreasing travel time 
and costs and improving other factors like reliability and comfort, these locations will become 
more accessible to people compared with other locations A significant reduction in effort is 
possible and plausible when an innovation in transport occurs a combination of driver 
support, travel information and management systems, since each of these aims to significantly 
improve the performance of travelling 
From that perspective a focus on office locations is most promising, for three reasons 
the location preferences of offices is considered to be the most influenced by accessibility 
(more than the two other sectors mentioned), the office market has the highest economic 
impact on city development, and it is a very mobile market (Louw, 1996) Therefore office 
locations are most likely to be first affected, compared to for example transport logistics 
organisations Since offices relate to the mobility of people, in the form of employees or 
clients in city regions, the ITS concepts used in this study only focus on passenger transport in 
urbanized areas 
Few researchers have conducted academic empirical research on the topic of ITS and 
office locations Because the relevant ITS concepts for office keeping organisations are not 
yet fully realised and changes of geographical patterns take many years, an analysis based on 
observed ITS-related concepts and office location choices is not possible Hence this research 
focuses on ITS-related transport concepts and preferences for office keeping organisations in 
the future, that π within 10 to 15 years, thereby taking into account that full scale 
implementation and potential changes in geographical patterns will result even later The goal 
of this study is the conceptual and empirical modelling of the influence of future ITS concepts 
on office location preferences in urbanized areas. An important assumption in this context is 
that preferences for locations give a strong indication for actual choices for locations The 
main question of this research is 'How might ITS affect location preferences of office keeping 
organisations in urbanized areas7 
Chapter 2 Theoretical framework and methodology 
The theoretical framework for the research on ITS and its effect on office locations is based 
on the following line of reasoning one of the factors influencing location preferences is the 
level of accessibility If accessibility can be made operational by indicators that are potentially 
improved by the most promising ITS categones, ITS might affect location choices due to 
accessibility improvement 
Although it is often discussed, it can be assumed that accessibility will keep playing an 
important role in re-location decisions of office keeping organisations In this process, several 
factors need to be taken into account Besides the typology of organisations, it is also argued 
Summary 161 
that an organisation's specific branch (economic sector), their size and their current office 
type and environment might be an important feature to put different values to different types 
of accessibility So, although the role of accessibility in office location choices is still 
significant, the precise meaning is assumed to be different for each organisation's features and 
office types 
To measure accessibility in terms of the quality or service level of the specific 
transport mode, an infrastructure based approach to accessibility can be used Geurs & Van 
Wee (2004) explain it as follows the observed or simulated performance or service level of 
transport infrastructure, such as 'level of congestion' and 'average travel speed on the road 
network' The infrastructure-based approach of accessibility is based on so-called resistance 
factors These are evaluation variables important for passengers using a transport service 
Three resistance factors are relevant in this perspective The movement resistance a 
traveller meets is divided into time, costs and effort (Geurs & Ritsema van Eck, 2001) The 
less resistance (time, cost and effort) a passenger encounters while travelling, the better the 
accessibility of the destination is The relative importance ol these elements is very much 
dependent on the transport mode and type of travel For example a commuter is bound to have 
a great deal of expenence of daily travel and is therefore well aware of the congestion on his 
way to work, the physical effort, the costs etcetera, whereas a recreational driver might be 
confronted with many more uncertainties These could be time-consuming and result in more 
stress 
To explore the possible causal influence of ITS on resistance factors that are important 
to accessibility, two main indicators are used effort and time The exploration is based on the 
potential of the ITS systems to decrease the resistance factor of time and to decrease the effort 
that is needed to travel The exploration is based on research publications and is more detailed 
on time gains than on effort due to more available research publications tor ITS in 
combination with the resistance factor time 
The main potentials of ITS in general to alleviate the resistance factor time for car 
drivers is as follows Especially in the case of the travel choice support systems, the 
categones (and systems) function as stand-alone systems However, much of the ITS potential 
is based on the idea that one category, for example vehicle driving support, is complemented 
by a travel choice and/or traffic flow system The assumption is that effects on time gains are 
mutually interacting The conclusion from the exploration is that the highest benefits in terms 
of time gains are reached when ITS is integrated at different market levels, including vehicles 
that have in-car systems, use information devices that are supplied with information by traffic 
control centres and communicate with other vehicles Examples of such concepts are 
Platoonmg and C-ACC, both allowing different forms ol automatic driving 
The main potentials of ITS to alleviate the resistance factor time for public transport 
passengers is as follows If we consider the management of public transport, it shows that 
AVL (Automatic Vehicle Location) technology as well as traffic control centres are important 
to receive real time communication about bus fleets Time savings for passengers in 'hidden 
waiting time', 'time for mode changing' and 'waiting time at stop station' are gained when 
information about scheduling is offered by a control centre, provided the information is real 
time and of high quality Time gains for 'in vehicle travel time' can indirectly be offered by 
vehicle driving support systems 
In conclusion the theoretical framework reflects two main hypotheses Namely, that 
ITS services based on combinations of different ITS categones that potentially improve 
accessibility will significantly strengthen the preferences of an office location's accessibility 
and that accessibility contributes significantly to the preferences for an office locations The 
research to test these hypotheses is based on the following three guiding principles, which are 
set out in this section 
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1. The research is based on an open and positivistic paradigm. 
2. The research is based on a transport policy priority perspective and is based on an 
evolutionary transport technology perspective. 
3. The research is based on the assumption that it is possible to look into the future by 
measuring plausible ITS concepts and location preferences in hypothetical situations. 
The theoretical framework offers the necessary tools and approaches to start with the 
research. The line of reasoning is that ITS-related transport concepts might change the 
preferences for office location if they can improve the accessibility, made operational in 
indicators, of office locations. It is hypothesised that the influence on accessibility preference 
is then dependent on the type of organisation. The first step that is needed to test this 
hypothesis is an exploration of future ITS-related transport concepts, which is described in 
chapter three. 
Chapter 3 Using morphological analysis to define ITS concepts 
The aim of chapter 3 is the specification of ITS concepts that are likely to influence the 
accessibility preferences and the general preference of office locations. It briefly describes the 
main characteristics of possible methods to generate alternative ITS concepts and elaborates 
on the advantages and the main characteristics of the chosen and applied method: the 
morphological analysis. The application of the morphological analysis starts with a 
description of the problem formulation: how to define ITS concepts that potentially increase 
accessibility? Secondly, it describes the selection of the main problem dimensions and 
corresponding values, the combinations of which come from the set of alternative ITS 
concepts. These dimensions and values are shown in Table 7 in the thesis. 
Table 7. Morphological field of ITS 
Dimensions 
user 
vehicle 
road network 
travel choice support 
vehicle driving support 
traffic flow management 
(1) 
target group 
car 
activity areas 
generic information 
assisting 
link 
Values 
(2) 
open access 
bus 
intra urban 
individually tailored 
information 
automated 
network 
(3) 
inter urban 
Because the set of potential ITS alternatives is too large (96) it needs to be reduced. A first 
possible step in doing this is to eliminate all the forbidden combinations of values. These are 
the logical impossible and/or unlikely combinations of values. The assignment of forbidden 
combinations considerably reduced the number of outcomes. The second step is to use sub-
boxes or clusters when morphological boxes become too complex. Such a complex box may 
be divided into sub-boxes or clusters to allow the detailed study of one section. The basic 
assumptions for the specification of promising alternatives was that clusters of alternatives 
could be formed based on a priority of transport planning policy. A third step is by weighing 
the values. To assign a qualitative weight to each value it becomes possible to put emphasis 
on certain alternatives. Similar to weighing one can also use so-called drivers, which are 
important independent societal values and/or assume certain conditions (Ritchey et al., 2003). 
In this research an evolutionary policy perspective showed that some alternatives can be 
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expected to become implemented earlier than others It is for example expected that some 
systems are first developed on a link and later upgraded to the network level 
The three remaining ITS concepts include only a brief description of the system, 
allowing them to become useful in a preference study for office keeping organisations 
The automatic car lane involves one dedicated lane per driving direction added to the 
existing motorway Cars equipped with d so-called Autopilot are able to drive fully automated 
in this lane in a way that is similar to Pldtoonmg The Autopilot guarantees that the car keeps 
automatic distance from the preceding vehicle (longitudinal control) and that the car keeps 
driving within the lane (lateral control) Due to automatic guidance by traffic management the 
travel time in this lane is guaranteed To use the lane, dnvers need to pay a fare The 
automatic car lane connects major inter-urban areas 
The automatic bus lane consists of a semi-electric driven bus which uses a dedicated 
lane The bus has nght of way at crossings The bus timetable is based on high frequencies of 
bus departure and amval The bus drives fully automated and does not need a driver Instead, 
a supervisor is present on the bus to control the vehicle and supervise the passengers 
Passengers receive real time information about the departure and arrival times of the bus 
Furthermore, the passenger is guaranteed that the bus will keep to its timetable The 
automatic bus lanes connect important activity centres within a city region 
The People Mover from Park & Ride offers car drivers the possibility to park the car 
at a Park and Ride facility and to finish the trip by using a People Mover vehicle The People 
Mover is a small (± 15 passengers) vehicle which is fully automated Car drivers who want to 
use the People Mover from the Park and Ride have already been informed in the car about 
available parking places The People Mover departs with a high frequency The People Mover 
from the Park and Ride has an unlocking function for e g office parks 
As described in chapter three the morphological analysis has led to the definition of 
three ITS-related transport concepts The set-up to explore their influence on office location 
preferences is descnbed in chapter 4, after which in chapter 5 the results of the study, 
including the three ITS-related transport concepts are described 
Chapter 4 Data collection set up 
In chapter 3, three distinguishing ITS-related transport concepts are derived from the 
morphological analysis the automatic car lane, the automatic bus lane and the People Mover 
from Park and Ride The next step is to determine their potential importance for the location 
preferences of offices Furthermore, it is important to gain insight into the relative importance 
of accessibility with respect to other, more general, factors that are regarded important for 
office locations These two steps are studied with a SP approach Chapter 4 describes the 
operational decisions for the set up of the SP study Furthermore, both the practical 
application of the expenments and the questionnaire design including the accessibility and 
general location profiles are described 
The specific steps in applying this SP/HII approach in the context of ITS and office 
locations are 
a Selection of attnbutes 
b Determination of attnbute levels 
c Selection of expenmental design 
d Choice of measurement task 
e Choice of estimation procedure 
f Validation of preferences and/or choices 
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The resulting set of attributes and attribute levels that are used in the SP/HII approach are set 
out in Table 10 in the thesis. To study the influence of three ITS-related transport concepts a 
specific form of SP is used, HII. The SP/HII approach is based on the assumption that office 
keeping organisations process information about locations in a hierarchical manner: first 
accessibility attributes are traded off against each other (see Table 10 column Exp. - SP 1) 
and secondly general location attributes (including accessibility) are traded off against each 
other (See Table 10 column Exp. - SP 2). 
Table 10. Attributes and levels for two experiments 
Attribute 
Train Station 
Motorway exit 
Automatic car 
lane 
Automatic bus 
lane 
People Mover 
from P&R 
Office building 
appearance 
Internal space 
use 
The 
rental/purchase 
costs 
Parking 
availability 
Accessibility 
rate 
Definition 
The proximity of a train station to the 
new location 
The proximity of a motorway exit to 
the new location 
The proximity of an automatic car 
lane exit to the new location 
The proximity of an automatic bus 
stop to the new location 
The proximity of a People Mover stop 
from a Park & Ride to the new 
location 
The office type related to its urban 
environment 
The organisation of space within the 
building 
The total amount of rental costs per 
m2/year expressed in euros 
The number of parking places per 100 
employees 
The level of the location accessibility 
expressed on a Dutch school report 
Level 
250 meters 
3 kilometres 
1.5 kilometres 
6 kilometres 
1.5 kilometres 
no automatic car lane 
250 meters 
no bus lane 
250 meters 
no People Mover from P&R 
Old mansion in respectable 
neighbourhood 
Functional building in residential 
neighbourhood 
Modern building on office park 
Closed interior spaces 
Flexible spaces 
Different rooms plus office 
garden 
90 
130 
170 
10 
30 
50 
4 
6 
Exp 
SPI 
SPI 
SPI 
SPI 
SPI 
" SP2 
SP2 
SP2 
SP2 
SP2 
In performing a SP/HII many operational decisions need to be taken. Each decision is 
weighted against the object of this study to give insight into the relative importance of three 
ITS-related transport concepts in office relocation. Based on specific criteria, it is argued that 
first ITS is involved in an accessibility trade-off with two conventional transport concepts, 
each of the attributes having two levels. Then it is assumed that accessibility is involved in a 
trade off with four other overall location attributes, all attributes having three levels. In this 
trade-off compensatory mechanisms are assumed. Furthermore, it is argued that the 
estimation of interaction effects is less important then the total task load for respondents. Only 
main effects models, based on part worth utility evaluations, are estimated. To analyse these, 
utility evaluation parameters are effect-coded and constructed into profiles using orthogonal 
schemes, so-called 'Addelman' designs. 
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The survey is based on a mail-back questionnaire focussing on a response group of 
about 570 respondents A mail back survey is chosen because it is assumed that it will provide 
both a reliable and an easy way to approach organisations for the research Based on different 
selection cntena mostly companies from the service sector and some non-profit organisations 
are selected in the population sample The questionnaire uses pictograms and artist's 
impressions to support the understanding of the use of the three ITS-related transport concepts 
as attnbutes in the expenments 
Chapter 5 Results of the SP/HII study 
Chapter 5 describes the main results in the form of part worth utility estimates for the 
attributes This chapter describes the results of the SP/HII study The goal of this study is to 
test the influence of the three ITS-related transport concepts on accessibility preferences and 
the influence of accessibility on location preferences 
The study presented in this chapter aimed to explore the relative influence of new ITS-
related transport concepts on accessibility preferences and the general location preference ol 
office-keeping organisations within urbanised areas The strategy of using an SP/HII 
experiment in which organisations are confronted with new systems supported by text as well 
as illustrations appeared to be successful In total 372 organisations showed interest and filled 
in the questionnaire completely 
At first nearly all the attributes were found to contribute significantly and as expected, 
providing at least face validity, both for accessibility of the olfice location and the overall 
location experiment The two conducted experiments also confirm that the location's 
accessibility plays an important role in relocations The study shows, as expected, that the 
perception of accessibility is mainly related to conventional transport concepts Furthermore, 
it was also found that the first hypothesis stated in chapter 2 cannot be rejected the three 
specified ITS-related transport concepts were found to contribute significantly to the 
accessibility of the location preference model In line with the theory, this implies that we 
might expect a change in location preferences of office-keeping organisations for specific 
locations if certain specific ITS-related transport concepts were implemented in a medium 
size city region 
Secondly, of all the three ITS-related transport concepts the automatic bus lane 
contributes the most to the preference model This can be seen in Table 22 from the thesis 
where the column 'Importance in rank order' shows the part worth utility scores when 
doubled This difference in importance could be explained by the fact that the respondents on 
average consider the automatic bus lane to be somewhat more realistic than the other two 
concepts This implies that organisations have more faith that this concept will be 
implemented in their urban environment in the near future, a policy that can already be seen 
in Dutch cities today This might have resulted in higher scores on profiles which included the 
concept of the automatic bus lane Moreover, considering the technology time span, the 
automatic car lane is not expected to be developed in the Netherlands in the next decade, 
although R&D studies and pilots are ongoing 
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Table 22. Results of part-worth utilities related to the five transport concepts 
Attributes 
Average utility (intercept) 
Motorway exit 
0) 1,5 km 
1)6 km 
Train station 
0) 250 meter 
1)3 km. 
Automatic bus lane 
0) 250 meter 
1) None 
People Mover from Ρ +R 
0) 250 meter 
1) None 
Automatic car lane exit 
0) 1,5 km 
l)None 
Part-worth 
utility 
5.802 
0.678 
-0.678 
0.560 
-0.560 
0.382 
-0.382 
0.269 
-0.269 
0.266 
-0.266 
Significance 
level 
0.000 
0.000 
0.000 
0.000 
0.000 
Importance 
(rank order) 
1.356(1) 
1.120(2) 
0.764 (3) 
0.538 (4) 
0.532(5) 
R2 = 0,244 ; N=372 
Thirdly, the variance analysis shows a more positive attitude of advisory services towards the 
automatic bus lane, which might explain their part worth utility score for that ITS concept, 
which was higher than that of financial and facilitating organisations but lower than non­
profit organisations. The variance analysis also shows that organisations from Groningen and 
Eindhoven think that an automatic bus lane is realistic. For organisations from Eindhoven this 
does not lead to significantly higher scores for the part worth utility of this ITS concept. 
However organisations from Groningen indeed give significantly higher scores for the part 
worthy utility of an automatic bus lane. Organisations from Groningen and Den Bosch also 
have a more positive attitude towards the People Mover from a Park and Ride, which is also 
significantly visible in their part worth utility scores for this ITS concept. Furthermore, the 
variance analysis shows that organisations in modem office buildings on office boulevards 
and parks have a more positive attitude towards the realism of the automatic car lane. 
However, no significant differences were found in these segments for the automatic car lane 
part worth utility. 
The analyses so far deal with the internal validity of the model. To analyse the 
predictive validity of the preference model, a preference and choice-based questionnaire was 
designed to analyse whether the observed future location choices of offices in a selected 
region match preference structures predicted by the models described in this chapter. This 
validation study is described in chapter 6. 
Chapter 6 Testing the predictive validity of the two models 
The SP/HII study in chapter 5 revealed that the three ITS-related transport concepts contribute 
significantly to the accessibility of office locations. Furthermore, the accessibility of office 
locations does significantly contribute to the general preferences of office locations. Chapter 6 
gives insight into the predictive validity of the two models that were presented in chapter 5. 
Predictive validity relates to the ability of both models to predict preferences for accessibility 
profiles and location choices. In this chapter the SP/HII model was tested on whether it is a 
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good predictor of an organisation's preferences for real office locations in Arnhem and 
Nijmegen, based on a hypothetical introduction of the three ITS-related transport concepts in 
both cities 
This chapter described the set-up and results of the predictive validity analysis of the 
models developed in chapter 5 The basis for the validity analysis is observed ratings and 
rankings of real world locations under the influence of different ITS conditions The study 
focuses on the hypothetical implementation of the three ITS concepts in Nijmegen and 
Amhem In a survey office keeping organisations from Arnhem and Nijmegen were asked to 
give scores to real location profiles for four situations one situation representing the current 
slate and three hypothetical ITS implementations, corresponding to the three ITS concepts 
already described earlier 
The predictive validity is analysed in three steps The first step consists of tests on the 
deviations between the predicted and observed location profile scores The second step 
consists of tests on the differences in scores for locations both with and without having an 
ITS-related transport concept implemented The third step consists of tests on the influence of 
ITS-related transport concepts on general location rankings 
It is concluded that the three analyses show that the models do not predict the actual 
scores for accessibility and location profiles very well The differences between the predicted 
and observed scores might be explained by location specific context knowledge that is present 
in the scores from the respondents However, the second validity analysis is more promising 
and showed that the contribution, in terms of the part worth utility scores, of the three ITS-
reldted transport concepts is similar to what is predicted by the models Therefore, it is 
concluded that although the two models are weak predictors, the part worth utility scores lor 
the ITS attributes are strong predictors of the observed contribution of the three ITS related 
transport concepts in real world situations Furthermore, the third validity analysis reveals a 
trend of increasing general interest for office locations lhat lie close to an ITS-related 
transport concepts This trend is also predicted by the SP/HII models In general the results 
are promising regarding the quantification of the possible ellects of introducing the three ITS-
related transport concepts in the direct environment of office locations 
Chapter 7 Conclusions, reflection and recommendation 
Overall, the results show that ITS strategies in Iransport planning might have a spatial effect 
on, at least in terms of this study, changes in location prelerences that should be taken into 
account when debating these strategies Based on the results from chapter 5 and 6, it can be 
concluded that both the hypothesis that ITS-related transport concepts do not contribute to the 
accessibility of office locations and that accessibility does not contribute to the preference of 
office locations When public transport companies, governmental organisations or 
infrastructure administrators want to invest in developing one of the three ITS-related 
transport concepts, the spatial effect in relation to urban development goals might 
discriminate For instance, which system will be developed and for what purposes9 Will it 
serve older parts of town near the city centre, or is improving the accessibility by motorway9 
Motorways often he close to the edge of the city where office parks are located Another 
question is whether the system can use the already existing infrastructure or will new 
infrastructure be required9 The development of new infrastructure implies that governments 
can initiate building programmes that are linked to the ITS-related transport concept 
The results show similarities to what can be concluded from the impact from other 
new, but more conventional transport systems, such as the development of subways, Bus 
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Rapid Transit systems, light rail and high speed trains The main difference with these 
conventional systems is that the development and impact of ITS technology might be greater, 
for example in the long term when the differences between transport modes vanish and public 
and private transport are integrated One solid conclusion is that research on this topic in the 
future is a condition vne qua non for transport and spatial planning 
Despite the interesting results as presented in chapter 3 to 6, several questions remain 
unanswered As a consequence additional research is proposed In general more research is 
needed in at least five domains The first research domain is based on unanswered questions 
that are directly related to the research described in this dissertation Domain 2, 3, 4 and 5 are 
indirectly related and mainly inspired by the research described in this dissertation 
1 A first approach aims at a specification and enrichment of the ITS-related transport 
concepts of the research described in this dissertation At first this could be done by 
increasing the number of ITS concepts, and therewith the attributes that are used in a 
stated preference research Secondly, the number of values can also be increased A 
second subsequent research could also perform a senes of in-depth interviews with 
company representatives in order to gain insight into explanatory variables that have 
remained unanswered It is, for example, unclear why organisations from the city of 
Groningen differ systematically in their part worth utility scores for the three ITS-
related transport concepts from the other cities that are included in the response group 
2 The second research domain should aim at an elaboration of the theoretical framework 
as described in chapter 2 The research in this dissertation focuses on the behavioural 
approach of location theory Institutional location theory however proposes the 
inclusion of actors that are involved in the supply side of office location development 
These actors are for example municipalities which plan office locations and 
companies that are involved in land speculation and development, such as real estate 
companies or construction firms 
3 A third domain would include a repetition of the described research but then focusing 
on different segments or sectors instead of office keeping organisations Such an 
approach could for example focus on residential areas The possible respondents could 
be formed by representatives of households 
4 A fourth domain could focus on business and industrial sites and ITS-related transport 
concepts that are based on the transport of goods Such research would imply the 
redefinition of the theoretical approach based on the specific role of accessibility in 
location theory for business and industrial sites 
5 A fifth domain of research could focus on the more generic implications of an 
increased use of ITS in transport policy 
A general recommendation is the call for active participation of different government layers 
in the development of ITS In this research no specific attention is paid to the scale of 
distributive effects that can result from the implementation of ITS-related transport concepts 
On a regional level it shows that the geographical distribution of economic activity can 
change On the international level it could also imply that one urban agglomeration, for 
example the Randstad region with Amsterdam, Rotterdam and The Hague which is suffering 
from accessibility problems, can gain competitive advantages from ITS investments 
compared to similar regions in Europe The morphological analysis of chapter 3, resulting in 
promising ITS-related transport concepts in terms of the potential to improve the accessibility 
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of office keeping organisations, in combination with the results of chapter 5 and 6, show that 
the current situation offers many chances for cities to design promising strategies on spatial 
and transport planning However, the technology is developing mainly alongside market 
forces separate from public policy The time is now for politics and public policy to influence 
the development of ITS technology in order to increase the chances that ITS concepts emerge 
that improve accessibility 
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